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GEHEHATIVE PH0NQL0i5y, DEPEHDENCY PHONOLOGY 



AND SOUTHEM FREyCH 

The purpoie of thii artielel i'S tl^resfeld, Firit 
of all, it eoneantratas on iom*i apptets of a major 
accent of French which hes peeeivad little attention 
in recant years. Secondly, it aiduees further 
avidenee in tavaur of giving gyllablat a foraal 
statue withing genarative phonology* Thirdly, it 
ineludai an illustration and defenoe of aome of tha 
eonot^pts of dependency phonology as prep(*nted by 
Anderson and Jones <197U). In many respects tha : 
praient acticle is an introduction to the phenomena 
in quaition and it is hopad that rngst of the ideas 
will be developed further eliawhere* 

The accent which ie deicribed hare is assentially the 
variety of French spoken in Hirault but the phenomena 
to be discussed saen to me to extend far beyond the 
limits of this *'drfparteinenit" and^perhaps to char^^ct- 
arize Southern French as a whole * The prenunciation 



1. A preliminary version of this paper was pre- 
sented in a departmental seminar at the 
University of Essex, and I wish to thank all 

my colleagues for their suggestions and support* 
A spacial debt of gratitude is owed to P.J,lraw, 
H.K. HacMahen and I^RQca, without whose 
constructive critiaisins this article would not 
have existed* I am, of course, solely responsible 
for all remaining errors , 

I have also made extensive use of my family 
and my friends in K^rault and elsewhere in the 
Midi and I wish to thank them for their cooper- 
.^tion and their patience, 

2. My analyeis corresponds for exampla to the descript- 
ion given for the Toulouse area in the classical 
study by Siguy <1951). Most of the Midi speakers 

I have ancountered and studiad seamed to confers 
to it^ It would of course be premature to claia 
that this is the pronunciation of all Southerti 
Freneh speakers t naverthelass , the expression 
"Southern French" will be used throughout with a 
reference which, at this stage of our teiowladge, 
should not be taken literally* 
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described here is a familiar eolloquial one 
which partially explains why some of my assertions 
appear to claeh with Martinet's and Deyhime s 
studies on the pronunoiation of Franeh* Dcyhima 
(19 875, to take the most recent approach, has 
made a careful questionnaire-Burvey of the pro- 
nunciation of a number of key-wards for 500 
subjeets originatinf from various parts of 
France* Hie informants were first of all asked 
whether they made a particular distinction 
Ce.g* between ggt and peau , sotte and saute) or 
pronounced a word in such and luch a wayTe.g. 
did they say ligji or fe^j_e in one or two syllables?). 
Deyhime also a iked them to say the words in 
question and compared their actual pronunciation 
with the one they claimed to be making* Not 
surpriiingly Deyhime "Enquite iur la phonologie 
du francais contemporain" produces what are in my 
opinion, rather odd results. 40% C 3U% to his ear) 
©jf his Midi inforn'.ants would make a difference 
between sotte and saute, whereas I transcribe 
them both as [ sot® ]V Again U0% (34% to his ear) of 
the Nidi informants declare that they distinguish 
jpyng and jjftne, when I would claim that socio- 
linguistically such a person would acquire for _^ 
his or her compeers a "prononciation parisienne" 
and would be felt not to belone to their ling- 
uistic community. But we know, and Labov (liii) 
has proved it beyond question, that there is an 
abvss between the way people speak and the way they 
think they speak. rurtheCTiora ^ the pronunciation 
of people varies eonsiderably when they read a 
list, a passage * or tell a story not to memtion 
variations along other social parameters. I 
therefore feel that Deyhime 's survey 3 to be useful, 
should be Integrated to a sociolinguistic study^ 
such as the one Mde by Labov for Mew York English, 
and I will in what follows ignore h^s results. 



3. Apart from the objections relating to the ^ 
^'reflexive*' and artificial side of Deyhime s 
questionnaire which presupposes that theoretical 
tems like "syllable's "length", etc,, have 
been clarified within linguistic theory let 
alone for naive informants, there are many 
problems connected with the social origin of 
his subjeeti <they are all students), the fact 
that they were all living in Paris at the tiae 
of the survey, M\d so on and so forth, Deyhime 
himself is awc'e of it (of, his remarks pp iU-SI) 
and it may be no accident that his final 
diagrM <p.Sl) for Midi Freneh matches my own 
observations <Part IIlK 




The rules I. will be eaneerned with are eisentially 
lew=ltvel phonetie rules (In the eense of Sehane 
<196S)), what would traditionally be called 
allephonie rulei* The framework adopted here im 
that of fenerative phonology * In other words, 
it ig asiuaed that there ii no intermediary level 
between the (i!ierpho= Sphenologieai representatione 
and the phpnetic ©utput. The reaeoni for 
rejectinf luch a level have been itated repeatedly 
in the ipeeialised literature**^ and there would be 
little point in going ever all of them enee again* 
It may nevertheless be observed that most of the 
arguments given for Frenoh have been borrowed from 
morphologioal alternations rather than paradigmatic 
contrasts arising from identieal underlying forms 
such as rider writer in American English^. Not 
surprisingly 'fairly similar examples can be found 
within French* There are dialects of French j 
notably those comprised in the vast crescent that 
goes from the Ardennes to Normandy ^ where a contrast 
between /u/^/ut/, /y/--/yi/, and /e/Wet/ 

can be foundS , The situation in this reipect is 
the same as that which prevailed in XVIIth and 
XVillth century in France* Typical examples of 
this contrast arei 

[ll ia lie [III] la boue [bu:l salie [is let] nue [nyil 
la lit [ M 1 le bout [bu] sali [ isle] nu [nyl 



U* See Chomsky (IIBU), Chomsky and Halle (1968). 
For a non^generative approach to phonology see 
Martinet CliSDi a point by point rebuttal, as far 
as the treatment ©f French is concerned, can be 
found in Dell (li73a). 

5. See Halle <19B2). 

8. Cf, Martinet <1969) , pp 177-8 and 211-2, 
Deyhime, pp 70-^1. 
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Given the tenets-of autonoiBOui phonemiee , f our 
extra phonemes Bhould be recagnizad for these 
dialects iinee the contrastB in the sa"« 
ment C i yield differenees m aeaning. But 

thiB a pproach Beems to be neither econoinioal nor 
Iniiihtful. It 1« ebvieui, at firit JiBht, 
that the centrast ocoura in a rather linited set 
of eases! feminine vs. masouline nouns, ana 
feminine VS. masouline adjectives. «• "Ijo 
that feminine adleotives are no™«lly '2™;°^^" ^„ 
French by addinR the neutral vowel /s/ to the stem, 
this latter being dropped ""der certain conditions 
in most varieties of French?. " ^i'S^fSrin 
appear much rlmpler to posit that all the foMS m 
[ll have an underlying sohwa: 

[21 la lie / I !•/, la boue /buB/, S|l4e /ial«»/. 
nue /ny«/ and that a late rule^ assimilates 
to] to the preceding vowel: 



[3] 



^vocalic 
-aonionantal 
-tmnnm 



s back 
$ high 
Y low 
I rovind 



vooalie 

back 
high 
lew 
round 



Rule [3] would convart the words of E 2 ] into [i*]t 

[4] Xb. lie [Ml], la boue [buuL B&lie [sal ©el? 
nue [nyy] which aeeounts for the contraitg 
we etarted from* Sinee ichwa hai in any 
ease to be pegtulated for tha proper funat- 
ioning of French, all we need to add to the 
irajsmar is rule [ 3 ] which U a good eicample 
of regresiive aisimilation * 



7. For the poitulation of schwa in French eonsult 
Schane ClSfiS), Dell €li73a3, <1973b)* 

8. Schwa ii at the phonfetie level <once again in 
the sense of Schane (1968)) the only lax vowel. 
The features are those set out in Chomsky and 
Halle (liSB), taking into account the suggestions 
made pp. 3S3'=S- 
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It ie on xhm bails of such arguments that the 
idea of a single autonomous level' where all the 
contrasts could be established hae been rejected. 
And ai we indicated before we shall take as 
axiomatic that such a rejeetion is cQFriCt . 
We shall ^ hewevers in what follows start from the 
"phonemic" system of standard French and compare 
it with the "phonemic'* system of Southern French* 
The reasons for this are purely expository * 
All we need to assume is that the phonological 
segments mentiongd below would appear at some 
point or other of the derivation and that they^ 
would undergo the rules we will oresentlv mention 
<for further details on this see the Appendix)* 

The bulk of mv areument (part III) consists in 
showing that the concept of the syllablelO ig 
called forth by our examples and allows more 
insiffhtful f eneraliEations * Part IV represents 
an attempt to solve a residual Droblem by havine 
recourse to some formal notions provided by 
dependency Bhonolopy, Part II serves meraly the 
function of ^ refreshing the reader's mind for 
contrastive pBrposes . - 
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The Standard French System 



At the "phonemic" level standard French 
possesses the following segments t 



[Si 



TEMSE SET 



LAXiET 



+high 

*low 

--high 

low 
'high 
♦ low 



-lack 
*Round -Round 



+ Back 
+Round -Round 

u 

o 



=tense 
-back 
-high 
♦ low 
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Net 'ce that Schane (1971) proposes to recog- 
niie the Phoneme as "a viable phonological 
unit*' but says about autonomous phonemics that 
^*The theor^tioal arguments against such a 
level are sound"* (p. 503)* 

Hotice incidentally that Schane (19 68 ), in 
contradistiiietion to Chomsky and Halle (1968) 
uwmB the concept of the syllable for some of 
his phonetic adjustments. See, for instance, 
pp.lS and H2. 

Q 



For soma speakers an opposition is made between 
/a/ and /a/ but it is ioiin^ ground and we fellow 
Schane (C1988) p. IS) and Martinet C(196i) p.lBS) 
in not seeing it as crucial in standard French. 
At the level we are envisaging /a/ is classified 
as (#back, =reund) , but would probably appear as 
central in the final phonetic repreientatien . ^ 
This does not pose any problem if we bear in mind 
the distinction between the elassificatory and 
the phonetic function of features* It will also 
be noticed that we have not listsd the nasal 
vowels as they are not central to our argument. 

What should oerhaps be mentioned is the fact that 
some of the oppositions high-lighted in (i) are 
weak ©r, to use Martinet's term, neutralised in 
manv nositiens To auote Martinet (liSi) at 
some length! "Entre Parisiens d'une mime classe 
seciale, il n*y a aucun accord sur le degre ^ 
d'ouverture de la voyelle da §ai ^ guai ^ ir^f % iii' 
ces, mes, etc* Ailleurs qu*a la finale^ le 
ehoix de [c] ou de [e] est presoue automatlque, 
Comme l^opposition [ fl - 1^1 n'a pamais iti 
d'une grande utiliti, seul [ol = [s], dont on 
voit mal comment on nourrait se dispenser et 
gu*une majority de H^ridienau^ arrive i conserver, 
maintient la n^cesait^ de distinguer, entre 
celui de /I/ et celui de /e/ , deux degris 
moyens d'ouverture du maxillaire" (p*18S), To 
gupplement Martinet's observations it can also be 
pointed out that the /o/ - /p/ opposition is rather 
precarious in miny contexts* It is sufficient to 
take the list of words ending in es and compare 
their transcriptions in a variety of dictionaries 
to persuade oneself that the situation is not 
absolutely straiihtforwardt 

[I] JUiLLAND HARRAP WARHANT 

thermos /os/ /ai/ ^ob/ i /ps/ 

As for Southern French making a general distinction 
between /o/ and /p/ there is little point in 
ating the objections made to Deyhime m the earlier 
part of this article. 
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Ill The Southern Jrench System ^^ 

The Southei^ French System I am coniidering 
makee no "phonftmio" differenea between fjf ZJ^^ ' 
/e/ - and /o/ - /o/. In other words, the 

following e^amplae, which can hm minxinal pairs 
for standard French ara prenoynced m the lame 
way ^ 

cote [ koiml 



[7] 5e^na C^QinB] 
jeune C^OEnal 



M [etel 
atais [ete] cotte [kDtel 



Final Bchwa is normally Dronounced before a pauie 
(eg"il ast jaune * i [II a ^^n ] feut dJoPPff 
before a v^el (eg il aet aeuna et bite ji J L n 
e^oeh e betel' Let us eharaoterize the sygtem 
as follows i 



[il 



TENSE SET 



-Back 
♦Round ^Round 

♦high 

-low y I 

-y^H^ 0 e 

-low ^ 

-high 
+ low 



LAX SET 



♦ Back 
^IRound -Round 



-tenia 
-back 
-high 
*low 



11 Hota that speakers of this type of Freneh have 
an Occitan substratum and are in many ff||f^" 
a situation of diglossia. See Lafont UiU) 
and GiDrdan Cli?S). The problera of relating 
this substratim (itself a cemplasc set of 
interrelated dialeets) to Southern T^**5"f^^^. , 
probunoiation is a fascinating one and ^^ff- 
to verify some theoretical assumptions but its 
magnitude makes it lie beyond the limited 
bounds of our study. 
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It ie however the easa that I 0) and [oil? [e] i^nd 
[i], to] and Co], all appear at the phonatle 
level* Here are seme repreBantative examples 1 

[9] (a) 

heureux [0r0] aettaz [mete] moto 

neutFaliier [n^tralize] ltripar[ et p f pe ] opriffler 

Euelide [0kllds] Arable [erable] proclamarC proN I amo ] 

ereuslei [kr^ije] itiol4 [etjDle] rosier [rozje] 



[ RIQ t O ] 

[ opp i me ] 



(b) 

bonheur [bon^r] mar [mer] 
eeetaur [stktmr) rester [peite] 
heurtar [eirtel Elmire [elmtpsl 
©ail [ ttj ] 
(c) 



pareil [ papcj ] 



eorporal 
pGite 
optician 
roc 



[ kDrpope I ] 
[ pDite ] 
f Dpt i sjio] 
[pDk] 



nautra [ rimi re ] 
pleura [ © i<iP© ] 



mattre [metpe] 
guerre [ gc r» 1 



eocle [ iDk I a ] 
rose [pDze] 



If for the 
and <b) we 
(i) before 
consonant 
consonarits 
or a glide 
occur (i) 
boundary , 
the lacond 
situation 



momant wa limit our attention to 9 (a) 
can iaa that the hiffh variants occur 
a word boundary, (ii) before a finale 
followed by a vowels (ill) before two 
provided that the second one li a liquid 
/ On the other handj the low varianti 
before a non-Byllabic followad by a word 
(ii) before two consonants provided that 
one is not a liquid or a glide. The 
is summarised in [10]* 



[10] Hi^h variant [0,e,el Low variant [eejEis] 



Cl c 



Cl 



where C2 must be 
either an obstruent 
or a nasal 1 ia 
[+eenii -voa] 
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A superficial inspection of [10] shows that in 
each case the environments are completely 
disparate, l^at is it, for example, that makes 
a single eonionant followed by a vowel have the 
same effect as a pause boundary? Why ie [tr] 
different from C ] (cf* neutraliger vs, heurter 
in It seems also Duraly aeeidental that 

two consonants of a certain type iew^ [kil in 
geeteur ) behave in the lame way as a pause 
boundary. We can, of course, starting frofn our 
characterization of the system in [ 8] formulate 
a rule I 



[11] 



+ VOC 

^coni 
-hi^h 
^low 



^ [ +lowl / ' 



t -syll] 



[^voc 1 
4oons J j 



but, as can seen the choice comprised within 
the braces does not seem to be highly metivatedlS, 
Another solution mifht be to accept that iyllablei 
are part and parcel of phonological description* 
If we assume for the moment that the traditional 



12* Saussure in his Cours (0.78) formulated 
very similar questions i "en vieux haut 
allemand hagl i balg , wagn , lanji donr, dorn 
sont devenues plus tard ha gal , balg , wagan , 
lanff* donnar, dorn Mais comnent 

f o rmu ler la %Q%1 D^oti provient la 
diffirence? Sans doute des groupes de 

consonnes ( gl, Itt pn , eti . ) contenus dans ces 
mots. II est b^i en Clair qu'ils mm eomposent 
d * une occlusive qui dans un cas est pr^c^dle, 
et dans 1' autre suivie d'un^ liquide ou 
d*une nasalei mais qu'en resulte^t^il? Aussi 
longtemps que g et n sont supposes quantitds 
homofenes on ne comprend pas peurquoi le con- 
tact £ - n produirait d'autres effets oue 

n - I." 

13, Another possibility might be to take into 
account Lass's suggestion to assign the 
features i+esns, -voe] to woi ' bQundaries; 
This is a line of ariument I .11 not pursue 
here. 
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way of assijming syllable beyndaries in French is 
eerrect, a aueh elaarer picture eniargai. Let 
us consider the [#1 - Im] examples ©f [91 (a? and 
(b) , and re^f^ite them with lyllable boundaries 
(* indicites the beginning and/or end ©f a 
syllable) t 

12 Ca) $ 0 I r ^ * Cb) $ b © $ n «Hr I 

$ n0 $ tra $ I II le i * i^*^ * * 
$ k>0 t Ije * $ <2r $ te $ 

If the same thing im done with the other examplei 
©f [D ] <a) and Cb) it will be ©bvious that the 
rule we are dealijig with is a very simple and 
natural ©ne. get a high variant in open 

iyllables (ie whm no consonant intervenes 
between the vowel md the svllable boundary) and 
a low variant in ol©aed iyllablei <ie when one ©r 
p©iiibl!/ more consonants intervene between the -, 
vowel and -Che syll^le boundary). Initead ©f rule 
[11] we w©uld now have I 



[+l©wl / [-syll] i 



[133 

+ VOC 

=eoni 
-high 
-Iw 

and [13] is undoubtedly ©referable to [111* 
There is nevertheless a wh©le set of epmples 
which still awaits diseusiion, namely [ 9 J ^^^^ 
All these words have a low variant in front of 
one consonant (©r tw© eonsonanti ©f a certain type; 
followed in turn by the neutral vowel* What is 
puzzling is that the two consonants in question 
ara those that noMally deteraine an ©pen syllable 
Cie m obstruent f©llowed by a liquid). And, in 
fact, in styles fef standard Flinch where ichwa is 
pronounced Ceg poetry) the accepted division ©f 
words like neutre and guerre into syllables is 
neuitre and .guelrre* Why do we not obtain: 
[n^trsl-and [qere]? 
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Thtse aKamplei may appear to be eountar-evidanoe ^ 
to a iyllabj€=baied phonologioal modal. But net ice 
that since tha lowering of / 05© / in [9] €e) 
oeouri in anvirenmants different from those itip- 
ulated in [11] th^ rule is no iimpler for n©n= 
syllabio phonology [lH]i 



♦voe 

^ooni 
"high 
-low 



[+lovl /_„[-iyll] 



([+eonj) 

pvoe 1 
|+cons| 



+VOC 

=eons 
*tenie 



(a) 
Xh) 
Co) 



If we bear in Bind the normal aonventioni for the 
expaniion of such sahemata'ai [ ] * wa oan see 
that [1**] is in fact an abbraviation for four 
rules (given in taras of eKamplet)i 

[l^y (a) Ci) neutre [ntttra] 

(ii) veuille [vajs] 

Cb) mar [mer] 

Ce) feet a ire [icNtere] 

Tha reader will hava netioed that wa oan modify 
[11] in exactly tha same way as wa modified 
[ilj, nasely [1§] (We ehall hereafter refar to 
[IS] at the FINAL ADJUiTMEHT RULE abbreviated as 
FIN ADJ)i 



[IS] 
FIN ADJ 



♦voc 
*coni 
=hiEh 
-low 



► C ♦low]/-- 



[ -lylll 



/ ♦voc "\ 
1 +e©ni I - 



♦voc 

=e6ni 
tania 



The ichaBa £ IS] abbreviates three rulei and 
therafore, at tha sinple level of the foraulation, 
represents a gain over [ IH] . Furtheraora , it 
still embadias the insight that for the majority ^ 
of words considered the variant obtained is 
dctermintd by its position within the syllable* 
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On the basis ©f the gvidanee presented here 
wa would therefopa argue that the introduction 
of iyllables would afford greater iniighti into 
phsnologiaal prooeiiee^ It could of caurie be 
objected that iueh a inodifieation of phonolog- 
iaal theoiy is hardly warranted in view of the 
superfiaial nature of our encamp lei • They are^ 
after all equivalent to allophonic variants within 
a tasconomio model of phonology* Thii argument 
is not flawleis* Firit of all, there is a fair 
amount of evidence from various languages in 
favour of giving syllables a formal theoretical 
status (in particular see Hooper, (1172) | 
Andersen and Jones, (li7H))* Secondly, if we 
consider the graraar as a way of connecting 
sound and meaning, then all aspests of the sound 
structure of a language must be dealt with, in 
the same way that all aspects of its semantie 
itrueture must come under inveitigatlon* And, 
whatever level the linguistic Dhenomena belong to, 
arguments based on **eeonomy'* and "insightfulness" 
must be able to operate. 

There is nevertheless an outstanding problem in 
the formulation of FIN ADJ (R 15)* It is still 
true that 15 (a) <i) and (ii) represent exeeptions 
'to the mere normal pattern* iut if we believe 
in the naturalness of phonologioal processes we 
may, once again, wonder what it is that makes 
one eonsonant (or two consonants of a certain 
tvpe) followed fay a schwa have the same effeot as 
a'elostd syllable. Or to put it another way, what 
is it that overrules the syllabie braoketing in 
words like autre (aultre), guerre (guelrre) or 
pleure (pleuire) ? It cannot be a mere eoincidence 
that the vowel which seems to bring about this 
realization, ie [•], is unigue at the low phonetic 
level^*** It is the only member of the lax set, 
as [8] emphasises i and therefore always unstressed. 
In part IV, I shall attempt to provide some 



IH. This is not true at the phonological level, 
since the latter is composed of five tense 
vowels and eight lax ones including schwa* ^ 
See ichane (1971) p, i*t6 and the appendix* 
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escplanation for this phenomenon^^ * In order 
to de thii i I have had to approaeh thii topic 
from tha angle of dapetidency phonology , 



IV iYLLABLES AND DEPENDENCY PHONOLOQY 

One of the main probleme that have always beiet 
phonologisti dealing with lyllablei has bean that 
©f asiigning gyllable boundariai and eitablishing 
Qrltaria for so doinp* le it^ for e^camplei 
absolutely eertain that a word like rabbit should 
be analysed as rm$bitl Varioui phonolopists 
have pointed out that eyllablee appeared to be 
"interlocking" unite but unfortunately this has 
generally led thetn to the rejeotien of the 
iyllable as a viable phonological entity. To 
put the disoussion at a more teohnieal level ? this 
meani that phonologiits have been reluetant to 
allow nQri-proper braoketing of syllables* ly a 
proper braoketing 5 is meant one that assirns a 
given element to one and only one eonstituenti 
At the level of syntax, given three formatives 
A, B and C» the "surface structure ABC oannot 
specify A B as a phrase and B C as a phrase i the 
string may be braoketed as [[AB]C] of [A[BC]] but 
not both ways simultaneously [ACbICI* To 
return to our previous examole rabbit /rmbxt/^ 
the medial /b/ must belong to the first syllable or 
to the second one but not to both at the same time . 



IS* Observe that the lowering oannot be due to 

vowel harmony (or,- t^,,,ute another ter^inolorv, 
regressive assimilation), slnoe /e/ is 
t-^hlgh^ -low) in ^tat [eta], /e/ [=hlFh, =lw1 
in otage [ota^B], in spite of the following 
/a/ [ -high , +low 3 - Nor can it be brought 
about 1 as could be argued in standard Frenoh 
(see eg, ichane (1961), p,ta7), by dropning of 
schwa, (which oreates a olosed eyllabie), 
since in that dialect schwa Is generally not 
dropped* This argument is in any case dubious 
even for itandard French since in the styles 
where the neutral vowel is ratained tha loirf r* 
ing still takes plaee* 
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Sf SSb! and it Ian also b. ,yU«bl«-lnitial 
lit in . To take a mor« complex "wple, , 
rSlucHit would b« bpaeketed as t ii-it! '^ij^t 

cluster et. Vm taiow that /M/ 

with hf^^^rJK^J^J^ aSlif'dLonstraf 

otherwise pemaln unexplained. 

They than go on to elalm th.t 

piiLlplSs goven, th. eh.ract.r of medial 

cluiters Cp* ^) ^ 

Elil Ca> ^JfiJ^^fifij,^! pra^tdinp a syllable- 
initial iequ^naii* 
(b) "PMe€d#" includai ovtrlap wheM 

istie spirit. Urn sp««^s ^^^^ 



1% 
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"int<5rludai*S"eodai" and ©nseti*' and foi^ulates 



<" indicates precedgnae, "-^C^ gtriat 

praaedtnce, eoincidenee) / 

Andersen addi that eush a tulm "could maka a fair 
elaim to being a language universal, provided the 
GOda ii allowed t© be null". He also deelares 
that "French, not iurprisingly i eonformi to 
[IB] " and adduoei i©me evidence in favour of 
overlapping iyllables in that languaie. Although 
thii decision may be cerreot, it seems ai yet 
difficult to see what advantages could be drawn ^ 
from iti It would appear that the same general- 
izations can be achieved whether or not we permit 
overlap in French, Furthermore^ the tradition 
of French phonologiiti is oves^heimingly in 
favour of assigning single medial conionanti to 
the fellowinf vowel, not to mention the well" 
known phenomenon of final confonanti jwapinp 
across morDhene or word boundaries (of* petit 
ami ^ - ti - ta - mi)* . And this partially 
accounts for the discrepanoy that exists in French 
between the phonology and the morphology. To 
quote Gardel^C CliSi) pp.23-H)^ "Ainei la syllable 
ri'eit pas incluie dans le mot en frangais, mail 
elle I'est en russe, et dani beaucoup d'autres 
languest la coupe de syllables coincide avee 
la eoupe de mots en russe mai^ non en fran^aii t 
comDarei -cheeur anf elique , coupe syllabique 

at r, x*or 'an|elov* coupe 
syllabiaue C Qr-* an-o , I »4.af 1 1 shall 

assume that this point of view is correct and 
assign medial consonants unan^it'uously to the 
©receding or following syllabla. The only 
bonstraint that will be taken into account will 
be based on pemissible intial sequences. 



11. See also Hatthews C197H) , p.liB. 



the goveiming principles thus* 



[18]^ (a) Interlude ^ e©da 




onset 
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Altarnatively 5 sinae this decliisn raiies 
soma pi*©blems which wa cannot go into her#^'t we 
can for presen't purpoeas prediet sylllAle bound* 
aries by a rule such am the one preiented in 
Hooper (11)72) (but not enviiaginf it at a 
universal)" f ^ 



Either deciiiont perhapi with lome madif ications , 
will allow FIN ADJ [Rlil to operate. 

The next problem we need to deal with im that of 
the str^otural representation of lyllablei, 
lEtplioit in most traditional approaches is the 
idea that constituency rules ©f the formi 
Syllable > CO V CC) indicate quite adequately 

the structure of syllablei* Note that this 
iuggeiti among other things that consonants and 
vowels belong to the same rank* Onee again 
Anderson and Jones make proposals of quite a 
different natural they pu't forward the ease that 
syllables could be more aporoorlately represented 
by dependency trets* Dependency trees have already 
been used-=in syntax by a variety of linguists 
(including Anrterson)3.8 p In a dependenoy tree 
pre^teTOinal categories have been eliminated, 
and in place of the constituency relationship 
(eg Det ^ Noun = Noun-Phrase)^ the^ oatefories 



17, Particularly in relation to interludes the 
first element of which is /s/ (Cf. raster 
[rEit©])* and which adeording to our 
criterion should be ratster {yielding *[reste]) 
since /s/ is possible initially in a ' 
cluster p Cf sport, stable, etc, * etc* 

IS, On this problem see Anderson and Jones (li?^) 
pp i-lS, iee„ too Anderson (1971) Ch 11, and 
the i^fereneed therein* The rest of our 
paper borrows rather heavily from Anderscm 
and Jones (li7U), we can only advise the 
reader to turn to this article for further 
explanations or clarificationi. 





ERIC 



- 17 * 



arm "hierarchized*' with rasptet to dependeney. 
Thm dapendancy ralatlonihip itsalf is ralated to 
traditional netlone Ilka gevammantf raetlon, 
rank and aleo endocantrleity , Anderson < 19 71 , p. 43) 
within tha framawork of his localiitie grammar of 
capa, reprasants tha stntanca " tha duc kilng wag 
killed by Egbert " in tha following wayi 



Varb 



nominative eepula 



Noun 
A 



the duckling was 



kill 




Tha position of Verb indieatas iti hyper-relation- 
al and govai^inp fun ot ion within the lanteneei ^ 
as for tha casa alaments they a^cpress the ralation 
gontraeted betwaan tha demandant Nouns and the 
govern inf Varb* And as is iininediately obvious 
aaoh eatagory has a surface realisation <^ aould 
be intarpretad as tha delation of the Drapoiition 
of in iubjaot positions of* the killing of tha 
dueklin^ ) * 

Anderson and Jonas extend this type of 
reDreientation to syllablas* Eaeh syllable has 
for oantral governing eleinent a syllabic sagmant, 
and all tha othar segments ara subordinata to at. 
If we may be forgiven for ^quotinf Anderson and 
Jones <197M, n*f) rather at lengthi "such a ^ 
oharacterization of syllables li appropriate if 
we can provida an empirical intarpretation of 
subordination sush that for each syllabla 
thara is a determinata centre * * . to whioh all 
other elements are subordinate* We elaim that 
syllabicity, and more Fenerally, dafree of 
sonority, ara just such an interpretation, and 
that the syllaSio element is the oentre of eaoh 
syllable. Associated with each syllable there 
is a unique sonority peak whose identifioation 
is available to native speakers, and enables 
them, for instance , to count the number of 
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syllables in an utterance" , If we take a 

syllable likfe b^ /bit/ there is a syllabia 

/i/ to whish all the other elements art subordinate. 

The graph struatwe we would assooiate with 

it ia as folloirsi 



[11] 



A 



I i 

i I 

I i 

i 1 



The word rabbi t /rabit/ which as we said was 
braoketed as [ pa[ b lit ] will correspond to the 
tree [H 1i 



[li] 



V. ¥ 



The /b/ is bidependent en /m/ and /i/ einoe, as 
our bracketing shows, it belonge to both the 
first and the seoond syllable. 'Anderson and 
Jones then go on to argue that one of the 
funotions of the stress assignment rules is to 
select one of the syllables of a word and to 
subordinate the others to it* The word rabbit 
would nesf be represented as fellows: 




At this point we nHd to Intreduce a theoretioal 
dis^lnotion which la goijig to be crueial to 
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the rest of ©ur ariument^ If there is an are 
leading from a partieular node (say CjJ to 
mother nede whieh is hiiher in the ti^e imay 
witheut there being any intervening nede between 
then we shall say that the l^er node is dependent 
on the first one. In the oaie of [liV Ci* C2, 
V2 depend on Vn C2 and 61 depend on but 
C3 does ggg depend on V^, If on the other hand 
there ii a path leading frora a partieular node 
to a higher nede (irrespeetive of the presence of 
other nodes on this path) we shall speak of 
st^jordination, C,, Cj* Vt* Q% are therefore all 
subordinate ta Vi* Having equipped ourselves 
with these theeretieal tools we oan now tutm to 
our French probleei. 

I have suggested earlier that it might be pilfer- 
able, until further evidence is founds not to 
allow interloeJcing syllitoles in Frenoh* A 
medial eonianant (whether part of a aluster or 
not) will belong to one and only one syll^le* 
If we talce for example the word oereeay , at the 
level of derivation in question i its phenologioal 
representation will be /ierio/. It will then 
be bracketed Ei ierlltii^b Isertso** if we 
wish t© keep tne saae s^boli)* If we now 
eheose to represent phonological Words by ffleans 
of dependency trees all French words will 
appear as a series of diiconneeted graphic The 
word /serio/, t© use ^the same example, will 
appear as [20ii 



[20] 




FIN ADJ CRIB] will operate at this point and 
convert /serso/ Into [ lEriol* since the braoketmg 
of the word indicates that the first syllable 
is closed and therefore that the enviMniaental 
eonditions for 15 (b) ai^ set. Until now it 
could be said that the use of dependenoy trees 
is nothing other than a notational vari^t of a 
traditional itruetural representatlen. This is 
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alio, at l^ait at firtt sights true of thm 
Qpntentisus axaspltf ©f [t] (e)* Let us take 
the word guerre / ite "phonemic" strueture ii 
^§er«/ and aeeording to the oritafia ratntioned 
above for the division into syllables it must 
be bracketed as [li«]l tjrsja* The dependeney 
tree correaponding to thii is t 




The situation seesas in no waj improved* Why 
should there be a lowering of the first vowel in 
this particular oonflguration* But notice that 
guerre is stressed on the first syll^le, and 
that the second syllable is unstresied* In 
other words, we need, aoc^rding to the conven- 
tions eitablished, to iubordlnate the less oe 
non-stressed syllabic to the stressed one^ 



[22] 

C 




i I i i 

i ill 

g e r a 

A cursory glanoe at [22] reveals some ^nnectien 
between C2 and Vi4 there is a path leadinf from 
Vl te C^^ The sane is true of the other words 
of [i] fc) which are all stressed on the first 
syllable* As we said liove, when a segment (eg 
Ci in [20]) is directly dominated by the 
govei^ing element we will describe it as a 
dependent elementi If it is simply dominated 
imw C2 in relation to Vi in [22]) we3will speak 
of Bi^ei^ination* We could therefore propose, 
instead of FIN AW, the fa llowinf tentative rule 
(handling as typical cases [20] and [22])i 
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[23] A [^highj^low] voMel legnant beaomts 
[♦lewjin the e©ntext of a right-hand 
side dependtnt or subordinate consonant. 

This formulation would correspond to the 
intuitive feeling that in words, like oleure , ' 
guit^es j autre the oonsonantCs) somehow belong 
to the first vowel in spite of the syllabie 
ttrueture* But it is also the oase that, if 
we conpare the right-hand side environments of 
the erusial vowels in [201 and [12], another 
generalization is possible: both V^-s have a 
dependent element (in one oase a consonant, in 
the other a vowel) to the right* In consequenee, 
another simpler rule is possible i 

[2M] A [-highi-low] vowel segment becomes 
[ +low 3 in the centesct of a right-hand 
side dependent segment* 

We have now fouild ^ rule that covers all the cases 
of [SJ, (b) and (c) without treating [i] Co) 
as a set of exceptions. This rule is undeni^ly more 
insightful and simpler than FIN ADJ, although 
it could be argued that the introduction of 
such complex machinery is perahps not justified 
by the generalisation we were looking for, I 
would accept this criticism and hope that the 
^examination of a wider range of data will help 
to clarify the issue. 

Before I close the discussion $ I would like to 
look back to the words of [i](c)* The reader 
will have noticed that all of them have a schwa 
in final position* It is not impossible ^ 
hcftiever, to find examoles where the neutral vowel 
is not final i 

[2S1 aigrelet f osselets 

formellement 9 autrement« seulement 
riverie, sonneriet pleutrerie 

In Southei^ French the neutral vowel is never 
dropped in that position* The examples of [2S] 
would be phonetically realised asi 

[26] [egrste], [siale]* t f * 1 , 

[atPtw^nli [s€il#msf)]j [rEver!]^ [ianarl]. 
[pl^tr»rf J' 
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The wordi of [2S] apm all eompased of a stem* 
/•/ ♦ a d^rivatipnal suffix'wl^ Aeeording 
t© Sehane's convention (liBS) pp ii^i? they 
ihauld all be streesed on the suffix* But the 
stem of these words muit also be stresied sinoe 
the [oi] ©f seule^nt Md the [t] of 
formelieBient are issued respeetively from /o/ 
and /a/: fr©nting takes place under the 
influenae of itress* We oould theref©ra put 
forward the f©llowing informal rulei 

[27] ^e'n the suffixes -let , 'irient ^ -rie , -ron 
are added t© a stem plus /•/T b©th the 
suffix and the stem are iti^sied* 

Rule [27] will enable ©ur new f ©rraulati©ns of 
FIN ADJ (ie rule It^l) to operate. But the 
faot that [©1 is Men©uneed in this posit i©n 
in S©uthem Frenoh has lome unfortunate 
©©nsequences i A word like f ot^a llement 
ace©rding to [27], must be stressed as follows i 

[2S] 9 i e I 

f o rme 1 le aen t 

But it is clearly undesirable that the first 
vowel in [28] should be as unstresied as sehwa20 



19* I have been able to find only one example 
" ™^that~wai^olearly^not^derivational-f^ 
a4leri [idlarl]# 

20. It may be objected that it is , in any 

oaie ^ misleading t© speak of it^ii when 
all we are dealinf with is different ve^el 
qualities. Such an objection is based on 
the pf^mism that stress is only associated 
with positive properties Ceg l©udneBsf. 
There ar# reasons to doubt that such a view 
is coweeti mmm Ch©Bgky (Hit), Ch III and, 
within a "fimctionalist** framawork. Garde 
C lies) 9 pp i7-i6. 
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Tha diffieulty wa arm new tneoimteririg is that 
of dealinf with stress at the lew-phonetia lavel* 
Sehana has eonvineinfly demenstratad that sinae 
many ©f tha phonelogieal ehanpas afa a 
aoniaquanse ©f itrass « itrass plaeamant has to 
ba a relativaly high-erdaFad rule and must, of 
ooursa^ spply mt tha underlying lavel. 
Thare is no ena-to^ona eori^spondanea batwaen 
strass at tha Caorph©^) ph©noi©gieal lavcl and 
streii at the ph©natio laval whara the last 
syllable ©f a (unleii a schwa f©ll©ws) 

must be aeoantuated, lut it is arfuabla 
whathar itresi is a pr©party ©f words ai sueh 
at the phbnati© laval. It is indeed true 
that in citation forsi tha last syllable of 
a word is always stressed. But this rule it 
only a iiibiet of all the rules that operate 
at the uttaranca leval. An©thar rula is? 
for axampla, that in HP- VP constructions, the 
last syllable of eaeh phrase is stresied. 
Natal yja doi^Ult , la net'ite dom'ait , but 
la pa t it a f ^ 11 l^domlalt # To al 1^ tha 
©pef ation of ^heta rules iona of whieh have a 
clear syntactic bails, wa eould sugpait tha 
follcwing eonvantion : 



[2i] At the low^phonetlc laval all tensa 
vowals are stressed* 

A word lika forMalleBent i#©uldi firit ©f all* fea 
streisad in aceordanoa with ichane's rule and 
appaart lat us say, in tha foi^ 1211. L^iJ r**i 
which is a vary late rula , would oonvert it to [ 30 i 

[30J i I 0 i 

forme llasant 

Arid [10] would be the input to tha sti^ss- 
assigna^t tmlas at the utteranee laval. If it 
happens t© ba given in its eitation feraj the 
last syllable will ba stressed (by eonvention 
all other strasses are induced by 1)1 

[31] a 2 0 I 

forme lleB^nt 

On the other h^id in 1 32 1* In a HP-VP ©onstryction 

formallement has the saMe stress aontour as 

tiOJ axeept that all the gtrassas are raduoad by 1* 



2G 



[32] 122112 2202 2210 

La conteetation est forffiallament intsrdlte. 



The advantage ©f [29] ie that It iftlvas the 
puggling problem of the ftreis itrueture of 
f?s], and that it allows rule l2Hl to operate 
ghouid we discover more and more examplee like 
celeri whieh do not conform to the morpho- 
logioal pattern of [21]* The reader may 
perahpi think that at the end of the exereise 
things are not all that simplified, but as 
Pp Anderson put iti "1 have yet to see any 
problem, however cemplioated, whieh when you 
looked at it the right way, did not beoome 
still more complieated* "^1 



21. Quoted in Katz (li72l» P i6. 
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In s@me raspeeti our desefiption may appear 
to ilmplify the actual eituati@n in Southern 
Freneh, If we asEusie that Southam Frenoh 
has the lane underlying structure as 
Standard Fr^n^h, and there is some evidence 
tHftt this assumption is correoti then sonia 
of the low- level phenetio realizations are 
direotly specified by the morpho-phonolegical 
rulas. For instance , to aooount for: 

clartd - clair ; go^jjjijg ^ seul 

there would be a rule of the fora: 



In that oase olair and seul would appear as 
tklEf] and [ s^f ^"Without havlni to underg© 
our rule Eli] FIK ADJ* Observe ho^fever that 
the first vooalio se^ent of splitud^^ 
specified as [♦low, ^ack, 4roiaid, -Jensei 
in the underlying i^presentations i^ould 
later have to be raised in the aooent in 
question since the final representation is 
CsQlltudel^ The raising would be triiigered 
off by the fact that /o/ iSj in that oase^ in 
an open syllable* The same is true of a word 
like binir, whoie BarphO'^Dhenological 
representation is ^benir/ <in order to 
account for /bji/ imder stress) t but the 
first veoalio segment of whioh would appear 
as [©] at the ©honetio level. All these 
examples call for a rule of the toTmi 



*voe 
^cons 
-high 
♦low 



[»low] 



But notice that FIN ADJ in its present fora 
is needed to acoomit for the t^] ^d [o] 
alternations thst we find in examples like 
esp^rer - espfti^ ''nf' set ^ sottise ^ sottg ^ 
all derived frC" a underlying. /E/ and /O/, 
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And if we take iehana's syn^ols serious ly 
these must be [-hifh, -low , ^tense ] * ISee 
Sehane (1972), p*3H6J, In the mamm way if 
we QonmidmT the alternation altitude - haut - 
haute, prenouneed [ s 1 1 ! t yda UoTTsttJ in 
our aQQent, the [s] of haute will have to be 
derived from /©/ * In other words * onee 
again FIN ADJ will have to operate. Our aase 
is therefore strengthened on the prima faeie 
evidence of these examples, singe wa now need 
to specify the two environments of [10] 
<ie oiosed vs. open syllables)* The introduction 
of syllables on grounds of naturalness and 
simplicity appears as even more desirable, 

I have also left aside the probleffl of the 
formalisation of the dependency rules, A 
possible symbolic representation of rule [24] 
might be (where " -^^ " indicates strict 
precedenee and " " if the oriented 
dependency relation) i 



+VOC 

-cons 
^yll 
-high 
-low 



^ [+segment]- 



+VOC 

-cons 
-^yll 
-high 
-low 



[^eKment] 



♦voe 

-cons 
4syll 
-high 
-Ic^ 



^ [♦low ] 



("Strict precedence" is not to be interpreted 
as "comes imediately before'^ but in oppositi* 
to "precedence" ^^^.S (For further details 
see Anderson and Jones (lf7H)), 
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ON THE ROLE OF NOTATION AND THE ORDERING OF 
mtT.F!^ IN PHQNOLQgY 



I H ROCA 



The following morphophenemic altematlQfii 
obtain in itandard Eaetarn Catalani 



(1) 

/sant/ "eaint" 
/kaiiiD/ "field" 

/alt/ "tall" 
/kurU "ehort" 
(2) 



sin g pl 

[ san 1 I san §1 

f kam ] [ Kami ] 

[ali [all! 



r Hut 



sine pl 



/ian/ "healthy" [ T f sa^^il 
/pr\^/ "thin" [ p r ! ][ P ^ ' ^ 



Fern 

i s^nte] [ s^ntesl 

[ kempit] [ Heiflpitsl 
(mas€» dlminut* ) 

[lit*] 

[ kdrt«i [ kdrtail 

Fem 
sin ^ pl 

[ %inm) [ iinai] 

[prfmtl [prffntsl 



in ordar ta aocaunt for ^^^^^^Jd ^ef Llel^ 
ing two rulas have been sugfeeted (ef.Lledt 
l^Q. 2i| Braiinitan, li73i til Raca. 1975: 5U. 5S> 



(3) 



r#coronal| 
L^aial J 



^bs truant 
-eontinuant 
aanterior 
Beoronal 



0 I 



♦aonsonantal 
-obstruent 
aantarior 
BGoranal 



These two rules mumt itand in a eounter- 
feeding relationship, as illustrated in CI) i 



sent 



rule (1) 
rule (M) 



^ sen ^ 
[ Sin ] 



^ / ("saint") 



C«iaint") 



Derivations like thet in <S) must therefore 
be avoided: 



(e) 



sen t 



rule (M) 
rule (3) 



^ sen 

i BS 

[la] 



i / <»'saint") 



("healthv") 



Counterfeeding relatienships are achieved nithin 
the standard modal of generative phonology by 
meani of ©sgtrinsio erderingi The principle 
of extrinsic ordering ? hajever, has been 
challenged raoantlv, and modeli of intrinsic 
ordering and free rule application have been 
put fotvard to replace it, 

Kisseberth (19 72) incorporates Kiparsky's 
diachronic timDliclty metric into a synchronic 
model. Rules are thus ordered in such a way 
as to become "maximally transparent" (cf . 
Kipariky, liTli Si3) where "a rule A*B/C_^D 
is opaque to the extent that there are surface 
representationi of the form (i) A in 
environment C __ or (ii) B in environment 
other than Q p" . <Kiparsky , 1971: 621-612)- 
In the ease in hand, the counterfeeding ordering 
of (3) I m) will generate the opaque fo™ 
[san], whereas the feeding order predicted by 
kisieberth*s model will yield the wrong lurface 
representation for /sant/ ("saint")* 

The problem^ii posed by the actual existence of 
opaque rules , ie "rules that do not apply 
to certain phonetic etructures meeting their 
itructural description or that do apply even 
though the context which conditioned them is 
not present in the surface" (Kisseberth, 1972; 12) 
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The solution propsiad by Kisseberth lies in 
the ingarpoiratisn of global conditions into 
the genaral prinoiple of minimiiation of op- 
aeity^ Along these lines, global condition 
(7) ought to be added to rule C3)^ 

(7) previdad that no segment between the 

nasal and the boundary has been deleted 
by the operation of another rule, 

(7) will now block in derivation <S) the app- 
lication of rule (3) after rule (H?* which 
deletes the stop that followi the nasal and 
preeedes the boundary in the underlying 
representation* Thui the contoination of rule 
(S) and global oondltlon (7) makes it 
possible to maintain intrinsic orderinf for 
the Catalan rules C33, 

While Kisseberth's model does produce the 
correct output in the case under analysis, 
I shall not adopt it here. The reasons for 
this are twofold. First, the extent to which 
the use of global oonditions differs from 
traditional extrinsic erderinf is debatable. 
It seems quite elear that the incorporation of 
<7) into (3) is tantamount to imposing the 
condition that the application of (33 has 
priority over that of ie to the 

introduction of an extrinsic ordering constraint 
on the application of these two rules* This 
is also the view of Dinnsen (1972? l^)t 
"the derivational history specification serves 
no other purpose than extrinsic ordering 
would in the establiehment of the counterfeed- 
ing relation* Given this, it is totally 
spurious to maintain that derivational history 
peraits the abandonment of extrinsic ordering 
in any real sense", Kiiseberth himself seems 
remarkably close to this opinion when asserting 
that "rule ordering is a way of encoding such 
facts [ counterbleeding relationships, I^Rl 
about the derivation Global conditions 

will generally be i^le to deal with cases 
where rule ordering is a device encoding 
derivational history'' Cli72i 18). L 

The other reason for the rejection of Kisseberth' 
model lies on the fact that neither the 
principle of minimisation of opacity nor rlobal 
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conditions can acoowit for mutually bleeding 
relationships* Extrinsia ordering must thue 
bg kapt for this m^smt of rule relationis 
even if under the new name of "priority 
stateinents'' , As Dinnsen points out, sueh a 
model made up of the prinoipl^ of minimis^ 
ation of opaoity domplemented with f lobal 
conditions would be intereetinp if it made the 
claim that the relationshipe it cannot define 
Cie mutually bleedinp) do not exist in 
natural laniuafes* This * hcwever , is not the 
cass f and extrinsic ordering cannot be 
dispensed with (cf*Dinnieni lS72i 11)* 

Koutsoudas, Sanders and Noll (hereafter KSN) 
have reoently arfued against the existence of 
extrinsic rule ordering' Their basic prineiple 
is that "each rule eimply applies to every 
representation that satisfies its structural 
description" ( 19 7Ht 3)* As must be obvious ^ 
this model cannot aceount for the eounterfeedin^ 
relationship between rules O)? (^)^ since it 
will oreclselv prediot the appiication of (3) 
to the representation obtained after the 
application of (H) to the underlvinF form* 



we must new fo back to the ordering statewent 
made by the authors mentioned at the beFinnin^ 
of this paper, namely that rules <3), stand 
in a relation of conjunctive ordering^ the 
applieation of (3) takinc orecedence over that 
of It must be recalled at this point that 

CH favour disjwiotive over conjunctive orderint^ 
"abbreviatory notations must be selected in 
such a way as to maximize disjunctive ordering'' 
(liiij 63), Note that it is the claim of 
generative phonology that there exists a 
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expression of true and ■iRnffi°f"*^>"2"|^*" 
ganeralisations, and that this is ;»53*«| 
Smplrieal verifieation. a^at 8mpha|l« is 
laid en this matter all through The Sound 
iSitem of Englithi tha for,««l d.viee, used 
tor phonoloBiSai description must Permit us to 
formSlate ianeral .tatements f ^J'^i^JJ^Jfl^ 
which are true and siinif loant , and must provioe 
a bSslf for dlstiniuishinK these other 
generalisations which are • ^T.^fag^*" 

true but not slgnifloant" CCH,lS68i 330), 
Ind "when we se!«ct a set of forfnal devices for 
the eonstruotion of gramnars , we f«"' 
takingan important step toward a djfinition 
of the notloS >lingui8tiaally sjfni'^f 1,., 
ceneraliiatlon' . Since this notion has real 
5mpirfea"eontent, our partleular characterisation 
of it Btav or may not be accurate as a proposed 
-vnilnatlon" (ibid). Within this framework, 
irirSricial to dete^in. the true relationship 
between the Catalan rules O), OJ. 

(tt) is -in fact a achema standing for i-ules 
(8) to (11), which eonstitute its expansion. 



(8) 



(9) 



♦obstruent 
-continuant 
4anterior 
♦coronal 

"•♦obstruent 
-continuemt 
■♦anterior 
-eoronal 



0 / 



* 0 / 



+e©ns©nantal 
^obe truant 

4car©nal 

4conionant al 
-obstruent 
+anterier 
-eoronal 



-PI 



(10) 



4obitru#nt 
=Qont inuant 
-anttrior 
^eoronal 



^onfionantai 
-obBtruent 
^ anterior 
4c©ronal 



-PI 



<11> 



4Qbstt*iient 

-anterior 
-ooronal 



0 / 



4© on 8 on ant a 1 
--obitrutnt 
-anterior 
-coronal 
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Thtee rules arm ordered die junctively _ m the 
saquenee given above, aeaording to CH's 
definition of the relation "precades" 
Cef* 19681 SSI), 

Observe that rule (10) is not a rule ©f Catalan. 
Thii language, in effect, does not perait 
sequenees of Dalatal plus iteo, as foi^alised 
in the following negative morpheine structure 
condition t 

C 12 ) r = anterior ] r , ^^^^ inuant 1 

I *coronal J 

Mote, for examole , that loans from Spanish 
comply with the statement expressed in il21 t 

(13) Spanish Catalan 

rancho [rana©] ranxo [Fanjul "ranch" 

gancho [ as pgol ganxo [aan/ul " ^ooH" 



The problem of vacuous subparts resulting from the 
expansion of a ichema ii not new. CH's defence of this 
type of rule lies in their alleeed predictive power 
Ccf. CHi lies I 351)* In the case in hand, this amounts 
to the statement that, although (10) is not included 
in the phonolegv of Catalan, nevertheless (10) is a ^ 
possible rule to be brought about by languafe change in 
the specific case of Catalan, whereai the iaine rule _ with 
the values for the features "anterior" and "coronal" 
reversed in the environment is not a posjible rule _ 
of that languafe* Interesting as this is, the justif-^ 
ication for the inclusion of "possible rules" in 
the synchronic grammar of a language ii by no ireans 
obvious* TG has been criticised for its excessive 
power, and ineorDoratinr non-existent rules in the 
granimar to ©ermit the collapse of actual rules into 
general scheifiata does not do much towards restrietxng it. 
As has been said above, CH have put great emphaSiS on 
the task of the grammar as being the fOTOUlation of 
true and signifieant statements about the language* The 
extent to which the inclusion of ghost rules like <10) 
contributes to the establishment of true and signif- 
icant generalisations about the language in question * 
however, seems debatable* The argument just put forward 
parallels that of McCawley when eommentini on the 
effects of "possible rules" on the power of the grammar: 
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"One who takai "e^eeaeive power''' arguments ieriously 
has as his goal charactariEing ''phonelof ieal rule**" 
BQ as to inc^lude all and only the phonQlOpical 
rules that th€ phenomena of a natural language 
could demand j and the ffler^ fact that a certain 
putative rule would fi^e eorreet aniwers if incorpor= 
ated In a grammar of eome language does not juitify 
calling it a **pQssible rule" " (liTli 3). While 
McCawley ii arguing at a more abstract level which 
baari on the form of the rules, it laemi to me that 
his line of argument can be carried over tb the ease 
in hand. Needless to say, CH^s claim of predictive 
power is an entirely empirical question* Should it 
be found empirically justified j the ease of the incl- 
usion of vaeuous rules in the frammar would be itrength 
encd, although the theoretical issue of evaluating 
□ynchronic simplicity afainst diachronic predictability 
would remain. 

Given the discussion above , it can now be stated that 
schema CM) expresses a spurious generalisation on the 
Catalan data and must the^fore be done away with* 



The two problems to be solved at this stage 
are* on the one hand* the formalisation of 
the disjunctive ordering obtaining between 
rulei (3) and <8) , which would make them 
coniistent with KSN*s free ordering hypotheiis. 
and, on the other, the collapse of rules (S) * 
Ci) and ClDf the matricei of which contain 
identical features, the specifications of 
"anterior*' and "coronal'* alone being at 
variance p Rule (IM) replicates rule <3) with 
a ffiore fully specified Eatrixi 



(lU) 



-'Vocalic 

4aensonantal 

-'Continuant 

♦anterior 

4cor©nal 

4nasal 



Rule <15) if an alternative to CS) * obtained 
by replacing the feature "obstruent" by "vocalic", 
"eonsonantai" and "nasal" in the segment to the 
left of the arrw (I have kept the feature 
"obstruent" in the environaent ai an i^breviatory 
device for eonvenlence of exposition alone | 
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the possibility of replacing it by the three 
afprementioned faaturei is obvious) i 



CIS) 



-vpealie 

4eonsonantal 

"eontinuant 

■ifliiterior 

4aor©nal 

^naf al 



+eonsonantal 
-^obstruent 
+anterior 
+aoronal 



(IS) is a sohema repreienting two eon junetively 
ordared rulei* as foilowsf 



(IB) 



(17) 



''vooalic 

♦eonsonantal 

"oont ifiuant 

■lanterior 

4ooronal 

-nasal 

-vocalic 

"♦eonsonantal 

-dontinuant 

+ant€rioF 

4coronal 

-nasal 



0 / 



pi / 



+conionantal 
-obstruent 
+anterioi? 
+eoronal 



*oonsonantal 
-^obitruent 
♦anterior 
4eoronal 



It is now a straightfofvard matter to oollapea 
cm) and (IS) following CH»s eonvantloni* In 
formal notation the Sdhema will be . as in (18): 

(11) (^2^ ^aEBient , consonantal, -obstruent^ 

^anterior, ^coronal) , ^serment^ -'vooalic, 
^consonantal , -continuant, +anterlort 
^coronal, (^^^^^^^^ i''^^^'^^'^^ ' '^B^ — ^ 
(^ J +sa^ent « 4cQnsanantal « -ebstfuent , 
'Hinteriort +coronai)^0i -seginent, +WBi 



*1 



and ai i a^ 



mrm inforBially, (18) can be reprasentad as (IS) 
(19) 



-vocalic 
♦eon i on ant a 1 
-continuant 
♦antarier 
^coronal 
-anasal 



0 / i 



^consonantal 
-obstruent 
4anterior 
4€orenal 



) 
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The expansion of lehema (If) is preciialy 
rules (luj i (IS) f whioh no« itand in a 
dig j unctive relationship * 



ishtma (i) » now broken into sahema <li) and 
rule <17) , cannot be collapsed with i^hemas 
C9) and (11). The collaDie of these two 
sehemas, howevert ii straightforward! 



(20) 



^obstruent 
^Qontinuant 
eanterior 
'^eoronal 



consonantal 
-obstruent 
santerior 
-ooronal 




All the prooessea illuptrated in (1), (2), 
are now aooounted for by rules (ID? (17) and 
(20) p While there is an ©bvioui leis of simplie^ 
ity, it oould be argued that the new rules are 
well justified^ On the sne hand , rule (U) ejcpressei 
a false generalisation^ #Iven away by the exii- 
tenee of morphente itructure condition (12), 
Also* the three new rules sake clear the 
as vmmetrie relation obtaining in Catal^ beWeen 
the matrices in the structural descriptions of 
the three rules, rinallyj the new rules do 
not call for any particular order in their^ 
application and are therefore consistent with 
the free ordering model proposed by KSN^ While 
the evaluation of this model with respect to 
CH-s standard model of extrinsio ordering is far 
from being a solved issue ^ the possibility of 
removing Catalan apparent countere^cample of counter- 
feeding illustrates the crucial role of not- 
ation in generative Dhonclogy, 
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ERIC 



TECHNIQUES AMD APPLICATIOH TO SFEEeH RESEARCH 



Carol Riordan 



The individual muicla fibre may be eoneidered 
the structural unit of co^traotien^ The amourit 
the whole musele ean eontraet depends on the 
'^maximum oontraation of its eontraotile units* 
Le. its Individual fibres" (Fremkin and 
Ladefeged liSSi 222)* Due to the extensive 
branching ef the axon, a single nerve innerv^ 
atei a nunier of muscle fibres, "The term -motor 
unit* includes together with the auiele-fibres 
innervated by the unit , the whole axon of the 
motoneurone from its hillock in the perikaiyon 
down to its terminals in the muscle" 
(Sherrington 19 21, 519). The musele comprisei 
such motor units • The number of individual 
fibres may vai^ from muscle to musole. Further, 
the "Innervation ratio varies from'lil (one 
motor fibre innervatei three muscle fibres) in 
extrinsic eye muscles to lilSO - li200 in seme 
ler musclei (Eyzaguirre 19SS,UQ), Not all of 
a muscles* fibres are stimulated at onoe. 
Variations in movements^ in their range* force 
and type - are ultimateiy determined by 
differences in the interaction and oollaboration 
or motor units" (Brodal liSS, 123). A 
minimum load activates the most excitable 
fibres, ie these with the lowest threshold to - 
stimulation. As the itimulus sti^ngth increases, 
fibres of lower excitability (higher threshold) 
are recruited* A further charaeteristic of this 
recruitment, "the unit which wai first to 
appear in the centractien is the last to 
disappears and vice versa , the unit which 
occurred last is the first to stop discharging" 
(Brodal, ISei , 12M). 

The basis of the excitation of muscle fibres 
is the biolofical mei^rane separating the intra- 
and extraeellular fluids. Kat^ (1966, H2) 
describes the differing electrolyte content of 
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the eell and of its external madiumi "On the 
outside the major ionic conitituents are Bodium 
and chloride I inside the sell these ions amount 
to less that li% ©f the electrolyte balanee. 
Sodium ii replaced by potassium which ii &qq~ 
umulated to a aenoentration 20 to SO times 
higher than in the external fluid". The reiting 
state of the cell sees a eertain balanee main^ 
tained between. the two iubitanoes. On the one 
hand, ther^ exls'ts an equimolarity of the inside 
with respeot .to the outii4ei that is, the 
nujf^er of particles on both sides of the 
men^rane are approximately equal* A seeond 
property is electrioal neutrality: the nuii^er 
of poiitlvely and negatively charged ions on 
either- side of the mertbrant are ^out equal. 
The ionio eempoiition of these iolutions is the 
basis for certain eleetrophysiologiaal phenomena * 
Speeif leally 5 "electrioal potential diffarenoes, 
in general, appear at the boundaries between 
two electrolyte solutions if there are ions of 
different mobility or concentration en either 
side'* <Katz, 1961 , Ui), In this case a ieleotiye 
ly permeable membrane ii placed aoross the 
boundary* This surface § true ture behaves as an 
ionio barrier to reitriot ionie movement , ie 
independent mobility of ions* The derived 
potential difference is coloured by the presence/ 
absence of such a ohemieally differentiating 
meBtorane. Further, the "sign and size of the 
p. d* (potential difference) aoross the mei^rane 
is determined by its relative peiTneability to 
the DrinciDal organie ions, sodium ^ potassium 
and chloride" <Kati, U9). The potential differ- 
ence found in the reitine cell is a diffusion 
potential* It is a seeondary consequence ©f the 
"utilization of the met^olic energy supplied 
by the cell for the purpose ©f exDeilinf sodium 
which has leaked into the eell and helping to 
aceumulate potassium in the interior" . The 
maintenanee of this resting or meBferane potential 
results from the fact that "the resting axon 
men^rane has a much higher eonductance for ^ . * 
both potassium and chloride * , * than for sodium" 
(Katz, 67- i). 

In the active state, the NA* ions in abundanee 
outside the oell take advantage ©f coneentration 
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and eleatrieal gradients and ptraeate tewards 
the cell interior* The regenerative entry ef 
godium effeetively produaet an all^or'^nQne 
reiponie ©nee the threfhold potential has been 
exceeded i "At this point the men^rane paisei 
through a state of unstable equilibrium" whieh 
may lead to a larger potential change^ the 
action potential or spike » Once elioited^ 
this "traniient self^amplifyine potential 
change p « * propogates along the whole lenj^th 
of the fibre at constant veloeity and without 
attentuation of signal strength. It leaves 
behind a ihort refractory period - a silent 
interval of one or a few milli^iecondf during 
which the fibre is unable to carry a second 
signal. The system is ready to be re-exoited 
and fire another propogated imDUlie'' (Katz, 36)* 

Huscle cells i therefore, "respond to itimulation 
by irritating ohemical proceisei which change 
the oonf iguration of the sell" < &oisman 1167,8)* 
Once stimului strength is sufficient (the eleet^ 
rieally unst^le ignition point of the syitem) 
an action potential is produced* It is this 
*^diiplaeement of the resting menflsrane potential 
in the direction of depolarization which is 
invariably the stimulus which starti the ehain of 
events leading to the development of tension and 
to muscle contraction" (Katz, ISl) ^ The stim^ 
uli for muscle activity are the consequence of 
a chemical transmission occuring at the neuro- 
muscular synapse* A lynapie li defined as a 
"functional contact between two excit^le cells 
whose cytoplasms are enclosed within separate 
membranes CKatip 97) » In the case of neuro* 
muscular Junotions, the continuity of electrical 
transmission across the structurally isolated 
nerve and muscle fibres is established through 
the release by the narve of a chemical trani^ 
mitter in suffiaient quantities to stimulate 
the muscle fibre- This "chemical 'mediator*, 
acetylcholine* is sec^ted from the terminals* 
After being transferred acrosi the synaptic 
cleft * * . thii s^stance produces the required 
local depolarization Cand plate potential) of 
the muscle fibre" (Kati, 121)* It is this 
depolarization which, if of sufficient amplitude 
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tim the thrtshold of the fihrmU triggers the 
self^reinfercinp action potantial* AlthQUgh 
the response ©f the individual fibres ii an 
sll-or-none affair f the cantraetien of the 
whole auscle oan be graded. This is aohievedj 
in part, though the synehronio neural |exei,tj-^ 
ation of a greater <©r fewer) nun^er cf f ibf es , 
commensurate with the opposing load* The frequeney 
of motor unit diieharge is also an expresiion 
of stimului etrehgth (to the limits defined by 
the restoration factor of excitation), ^ The 
operation of these '^o strategies, p^.the nuaiber 
of -.available units innervated and their firings 
frequency - differi for varying degrees of 
voluntary effort* Fromkln and Ladefoged (liSS, ftS) 
report that at 1^ levels of muscle action -'the 
impulie rate of the individual active motor 
units is a good measure of the force being 
produced ,^*| but at higher levels j the degree 
of recruitment of additional motor units becomes , 
a more important faetorJ' The findings of 
Kugelberg and ikoglund C19*4S^ 119) are cited in 
this refereneei 

"The initial frequencies of the motor 
units asiooiated with slight degrees of 
voluntary contraction ranffe for the 
most part between S and 10/s, the 
frequency of the unit discharge Increases 
with increasing contraction up to a 
maximum of out- 30 ^ SO/s , the initial 
frequency for each new unit is i as a 
rule, loner than for those already 
involved s but with further increase of 
the contraction the new unit soon 
attains the same maximian frequency*-' 

The electrical activity of muscles can be recorded 
both intra- and extracellularlv* "Electromy- 
ography is the registration of muscle action 
potentials (which) give information as to the 
state of the muscle and indicate the' iTctivlty 
of the motor neurons in reflex and voluntary 
contraction" (Buchtal 1957, f), 

A fibre diameter of lO-^lOOy In vertebrates 
allows for the insetion of a minute electrode 
into the muscle f ib^s in the case of intra- 
cellular recording* An electrode within a 
resting muscle fibre reveals a potential differ- 
ence across the surface mentorance of SOmV* 




During #i«eitatien , the waveshape of the aetion 
potential is nonophasie^ and has an Miplitudt . 
of the order of SO-120 mV CEvEaguirFe) ^ In 
esctraeellular reoordinp^ Cto whieh the term EMS 
will r^fer in this paper) "the eleatrode 
pieks up the aetion potential as it is aonduated 
through the mediun whiah surrounds the aotive 
fibre" (luohtal, 9). Poiitioning of the 
electrodes outside the eell results in a biphasie 
aetion potential.* the eontinuaui movement of 
the signal souroe C impulse) eauses a situation 
vrhereby the first eleetrode beoomes negative 
and then positive with regard to the other. 
Further s withdriwal of the electrode from the 
fibre eeduees the amplitude of the spike i "The 
impedanoe of the eirteimal medium is 'small as 
eompared with the impedanoe of the fibre interior 
and henee the voltage of the extraeellularly 
recorded potentials is maximally only t to 10% 
of the intraoellularlv recorded Dotential 
ehangei" CBuehtali 10| see also Kati, liiii 21-30) 

The musele action potential during voluntaTy 
contraction revealed by extracellularly recording 
"represents a summation of volume eonducted 
aetivity from many mufcle fibreo belonging to 
the iami motor unit*' Cluchtal* 12), Both the 
duration and the mascimum voltage of the potential 
resulting from this summation are greater than 
that of a single fibre, Buchtal (n^lt) re port i : 

"The greater duration is due to the fact 
that the noints of Impluse initiation 
for the different fibres are scattered 
throughout the above mentioned innerv- 
ation ^one (motor unit)* The 
component of the motor unit potential 
whieh has the largest amplitude ^ the 
soike potential i arises from a small 
fibre froup near the eleetrode C"s^* 
unit, 20-30 fibres), while the majority 
of fibres of the motor unit contribute 
to the more protracted initial and term- * 
inal parti of the potential". 

Under eonditioni of weak oontraction? the single 
motor unit potential oan be diseriminated. As 




maxliRian eontraetien ie approaehad, however, 
petantlals are recorded ai an intarferanea 
pattern of the activity of varleus fibres in 
tha same motor unit* In this caie^ tha numbeF 
of diffarant motor uniti being racerdad 
simultaneously makei identification of tha 
individual unit unraliabla. 

The duration of the lingle unit potantiali 
may be defined as "the tima interyal between 
tha initial daflaotion from tha basa lina and 
tha point at which tha tarminal daf lection 
again returns to the baseline" (Buchtal^ 15), 
Tha duration of potantiale variag from muscle 
to musola^ but is the same for both increased 
and 6emTma.me6 eontractile force. The amplitude 
of the recorded potantial is influanead by 
many faetort * In the first place , the structural 
eharactariitias of the muscle are important 
hara: <1) All alea bainp aqual, tha greater 
the number of fibres per motor unit, the largar 
tha spike (Fromkln and Ladefogedt 22S)| 
(2) A fibra with a low rastinp potential will 
have a oesraratively small astion ootantial 
(Eyiafuirra, ^1) % and <3) "thara is a die- 
continuitv in tha rate of decrease of the 
amplitude of the recorded spike when a muscle 
boundary or saotum intarvanes betwaen the motor 
unit and ^he electrodes in these circumstances , 
the Dotentials racerdad ara of an order of 
mafnitude scalier" CFromkln and Ladefoyad, 
Furthar tha "am'Dlituda of tha soika varias 
inversely with an increase of distanee from 
tha active fibres" (Ibid, 225), Finally, not 
only is tha positioning of the alectroda with 
respect to the active motor unit significant, 
but *'it has bean shown (Bauwens, ISii Buchtal, 
Guld^ and ?osenfalek, liS7s Patarson and 
Kugalbarf, 19^*1) that the size and type of 
recording device effects tha duration and amp- 
litude of tha racordad action potantial 
(Ibid^ 225)* The complexity introduced into 
the recorded potential due to the affaet of 
neuronal f muscular and eleotrode transmission 
must be accounted for In any hypotheois as to 
the relation of eleotromyographic data to 
muscle activity or to higher systems of 
organisation. The possibility of 'Such an 



48; 



account at present will be d«velop«d Btiortly. 

Motor unit potentials can b« recorded from 
either surface of needle electrodes, ine 
slleS^lon Of OM :p.rtlomar method depends . m 
cart, on the location of the signal source, 
insofar as each precludes the pre scent of 
certain information in the myogram the nature 
l%e samoled activity Is a further consider- 
ation. Thk signal recorded by surface^ 
electrodes reoreients "the integrated potentials 
caused by the" electrical disturbaneea in a 
larae ... muscle mass" (lawens li^St 136). The 
trace "apoeirs as « continuous positive and _ 
negative variation is potential m which the 
action potential of individual units can no 
longer be dlstinBUished' (Lenman 1369. 8«). 
On the other hand, needle electrodes obtain 
"samoles of eiectrical disturbances in a verv 
restricted volume of the tissues' (Bauwens 
19 US- 131) wherein SDikelike traces can be 
dlserlmlnated. Further, both mono- and bioolar 
racordin^ Is avallablel Wnooolar surface 
electronivopraphy records «ction potentials 
with one' of a oalr of electrodes over active 
tissue, and the other over an inactive area. 
In the case of bioolar surface electrodes, 
both are oositioned over active t"sue.^ A 
tvDical examole of each tvpe of needle elect 
rodes is described by Buohtal tp. 18 J : 



Buchtal also describes 

concentric needle electrodes which he has 
used. In the case of the former, six^or 
seven different leads are contained at a 
distance of five to ten millimetres m ■ 
cannula to "facilitate simultaneous rec- 
ording from a nui^er of points f« J*"^" , 
dlstaSees froB eaoh other and live « 
defined meaBure of the spread of synchronous 
activity" (p. 19). eoncentrlc needle 
SSicSaL- «v.«l a potential »e«.ured between 
the Md of an iMulated wire wd *5« . 
■urroiindini eannul. Cm indifferent electrode) 



"The bipolar eltetrode cansiiti of two 
platiniMft wirei iniulatad from each other 
and from the 0*85 mn' eteel eannula in 
which they are plaeed; tha potent lal 
is measured between the two end gurfaceg 
of the platinum wirei which have a diitanoe 
of 0*1 mm between the centres of the 
leadinp^off areai* 

"The unipolar electrode ooniliti of an 
iniulated metal needle i the Dotential 
is measured between the tip of the needle, 
from whioh the insulation is removed, and 
an indifferent plate electrode on the ikin," 

In bipolar recording, the reeeptive field is 
restricted by differential amplifications 
wherein signalf comnon to both electrodes are 
caneelled* Consequently, "the greater the 
distanee the iignal source is from the eleatredei, 
the greater the degree of cancellation, since ^ 
differences in the amplitude and arrival time 
at eaeh electrode will be minimised" <Hanson, 
Suiiman, and KaoHellagei 19?1, 2»3), Further^ 
it is reported (p.**) that the "eancellation of 
low amplitude initial and final phases and, more 
importantly, on the directionality of the 
rebeptive field of the bipolar eleetrodes" 
produces a potential of aisout 10% shorter 
duration than the monopolar potential 
reeorded simultaneously . Findings an the 
amplitude relationships from monopolar and bi^ 
polar derivations are reported in Han sell 
(1972, Ch* i). 

The original hypothesis as to the approDrlateness _ 
of EHO for the study of sDeech productlon/Bereeption 
ineludes an assumption as to the role of motor^ 
comaands in articulation. Specifically, what is 
suggested is that the phenomena characteristic to 
the level of motor commands are -'in striking 
contrast to what is found at the acoustic level"; 
namely, "the IKe ootentlals - and even more the 
motor eommandi inferred from them - bear a simpler 
relation to the perceived phonemes than does the 
acoustic signal" (Liberman et al 19 67, HSD* 
In other words, an invariance of motor commanda 
was presumed - a hypothesis as to the extent 
to which there ejcist simple correlations between 
component gestures and phonemic units (Cooper 
liSi« IBS). Implicit in such a hypothesis is 
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an assumption as to the level and nature of the 
encsdlnp of "phonologioal units (whieh) are 
diserete^ invari^t and timeleis (into) 
artieulatory €nd amustic events whieh are 
continuoui f\meti©ns of time" (Hanselli 23), 
The "working hypothesis-* of EKG put forth by 
Cooper CliiS) and his eolleagues at Haskins 
Laboratories (see Liberman et at liB2, liiS, 
19S7^ Cooper et al liSSi Harris et al 19iS', 
KaoNeila^e 1963) gupgests that ''a si^stantial 
Dart of the restruoturing ooeurs below the level 
of commands" (Liberaan et al 1917, 411) ^ ie 
below the level of EHG, The virility of such 
a hypothaiit oan best be examined in the 
eontijct of the model of sDeeeh produotion it 
implies, Liberman et^ als ISf^i will be the 
primary louroe for this exposition (see 
also the above raferenees for a lisilar 
account)* The seheinatiQ account of this model 
is presented here as Figure liCp***^)* 

The input to the phonological ©hase of speech 
produetion is assumed to be a syntaotically" 
defined struoture meeting all oonditions for 
phonologioai interpretation (ie as would be 
determined in TG by the labelled bracketing of 
surface structure, lexioal representations, and 
readnustment rulesi Chomsky and Halle 1988)^ 
The form of this input structure is a string 
of Dhonemes , ©r^ sore specif ically ^ the 
complex of features defining each of suoh 
se^ents* 

The simplest of speech production models would 
assume that **seti of s^phonimic features 
exist in the central nervous syitem as implicit 
instructions to separate and independent narts 
of the motor machinery" <pi 4*»7), This is not 
to imply however i that even in the simplest of 
models all instructioni are monotypie (p. 

"These instruotions might be of two types, 
"on-off** or "go to" In the one case, 
the affected muscle would eontract or not 
with little regard for its current state 
<©r the position of the artieulator it 
moves); in the other, the instruetion would 
operate via the ^efferent system to detemine 
the degree of eontraetion Chenoe, the final 
position of the articulator ^ whatever ity 
initial position )* Beth types of 
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instruetions - appropriate * perhaps, to 
fait and slow gestures, respectively - 
may reasonitoly be Inelu^ed in the model, 

iueh a "ieqjiende ©f neural cemnands eorresponding 
to thii multidifflensienal string of oontrol 
Instruo'tions'S may yet require certain ^pll- 
tude adjustments and temporal coordination . * * 
in order to yield the neural impulses that 
eo directly to the seleoted muicles of artieulation 
and oause them t© contraot . . . and supplementat^ 
neural signals to insure eoeperative aetivlty 
of the remainder of the artioula^ry apparatus 
(o* Mi*7). Sueh a ©onversion would ooour at 
the level of Neurometer Fules. However, any 
reorganisation of instructions which may oeeur at 
this level is limited. Indeed it is a necessary 
condition for this model that "there would be no 
reorganization ©f the coTOands to the primar^r^ 
actuat©rs for the seleoted features ... (hence) 
the neural signs that enerpe would bear still an 
essentially on#-t©-ene correipondenee with the 
several dimensions of the subphonemio 
structure" Cp. 

The conversion from neural oammand to muscle 
contraction is mediated by Hyomotor Rules €p,U473, 

'•If muscles contract in accoT^ance with the 
signals sent to them then this conversion 
should be essentially trivial, and we 
should be ^le not only to observe the 
muscle contractions by looking at thexr 
EHS signals, but also infer the_ neural 
signals at the preceedin? level' * 

That this implication does not receive any addit- 
ional substantiation within the model will be 
commented upon later* 

It is at the nestt level - the canversien of musele 
contraction to v©cal tract shape - that the 
oa^urence of the considerable restructuring 
Cencodlni) evident in the"^acoustic wavefOTO 
is predicted. This complex relationship is 
determined by both spatial and temporal ©verlap 
of vocal tract configurations due to the struct- 
ural and funetional idiosyneracies ©f the 
articulat©ry apparatus Csee Ohman ISev), 
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The final eonversien ii from "epntlnuously 
changing shape to a modulated aeouitic straam" 
(L^tman at ml 1911, l,lt). This is 
tisentially the pradictable one=t©^ene 
eorreipondanea on a momtnt^by^raomant basis as 
deierlbad by Fant (1960)* 

The oruoial issue for a ipeeeh praduetion model 
if clearly the level at which phonemes are 
encoded Ci^struatured) in the sound streajn* In 
this ffiodel^ the major eneodlng proeess ooeurs 
with the introduetion of temporal and itruct- 
Ural complexity, the lo-ealled Artisulatory Hulei . 
Below that level * ie Aooustic Rules , no 
encoding appears involved* With referenoa to the 
encoding on levels preceeding the Artioulatory 
Hules, Liberman notasC p, M48)i 

"But what of the upstream conversion, 
particularly the one that lies between 
the neural representations of the phonemes 
and the eolfflands to the artieulatoty muiclei? 
We eannet at the present time obierve these 
proeessei, nor can we directly maaiure their 
output that is, the conunandi to the muscles* 
We can* however, observe seme aspects of 
the contraetions ^ for eMamisle the electro^ 
myograohio correlates - and if we assume* 
as seems reasonable, that the conversion 
from coiroand to contraction is straight for^ 
ward, then we can quite safelv infer the 
structure of the commands* ^ deteminint 
to what extent those inferred commandi (if 
not the electromyographic signals themselves) 
are invariant with the phoneme, we can, then, 
discover how much of the encodinR occurs 
in the conversion from contractioTi to 
shape CArticulatory Rules) and how much at 
higher levels"* 

Assuttini such a ♦'trivial" conversion from neural 
signals to contraction, the nature of these 
commands can then be predicted (p* 

"For coMands of the on- off type we 
would expect muscle contractions - and EHG 
potentials - to be roughly proportional to 
coraands I hence the commands will be 
mirrored directly by the IMG potentials 
when these can be measured unambiguously 
for the muscles of interest. 
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"Commands of thi *^go to'' type would preeumablv 
operate via the efferent syetem to preduqe 
only so much eontractlon of the wuicle as 
ii needed to aehleve a target length*^ The 
eontraetion - and the resulting EM@ signal - 
would then be different for different starting 
positions, that is* for the same phoneme in 
different eonteacto , Even so * the iignif leant 
aspeot of the eonunand ean be inferred, einoe 
presence versus absence and sequential 
position Cif not relative timing) of the EMQ 
signal persist despite even large changes in 
its magnitude"* 

Various EHG findingi are reported as implicating 
the claim that "motor coiwnands * * . are more nearly 
invariant (with phonemic units) than are the 
acoustic signals" ip. i*!!), 

"When two adiaeent phonemes are produced 
by spatially separate rroups of musclee*^ 
there are essentially invariant EMG tracing 
from the characteristic gesture for each 
Dhonome, regardless of the identity of the 
bthor." (p,U^9). 

"When the temporally overlaDping gestures 
for successive Dhonemes involve more or less 
adjacent muscles that control the same 
structures, it is of course more difficult 
to discover whether there is invariance ©r 
not" Cp*USO) 

"We . t . find * * * in the onsets and of f= 
sets of EMS activity in various muioles 
a segmentation like' that of the several 
dimensions that eanstitute the phonemes' . (p*^ SO) - 

It should be noted that the extent to which the 
data itself does, in fact, suppdrt the model 
outlined a^ove aonears questionable* The 
validity of such an interpretation notwithstanding, 
however, it is the view propounded here that 
in many oases the strongest oritioism which can 
be aimed at experiaantai evidence in its 
inappropriateness for the situation p In 
ether words, a methodological criticism can be 
raised with regard to the realism of the 
data interpretation vis-A-vis the hypothesis 
being tested* It would appear more effective, 
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however, to criticise the set of theoretieal 
conotructB uoon which the model was baeed, Le, 
as to the extent to which it corresponds with 
eomethinff in nature, 

A model im a bundle of hypotheeee ipeeifyin^ the 
relationihipi between variables detei^inini^ 
events* It is the specification of generalized 
relationshios extracted from a restricted 
determination of siinificant face, from which 
prediotiens may result. To be more than just an 
academic escercisas a model need eonform to a 
seientific method, offering a criteria for its 
evaluation. In other wordi , to refute a 
model on foranal terms, ie that that offered 
specification of aieumptions was not explicit 
or fully rigorous ie trivial* Any model mast 
be expected to have a decree of logical consist- 
ency, ie to specify sufficient restrictioni bo 
as to enable an explanation internally 
conslitent with and justified by its ^oals. Thus, 
the criteria by means of which a model may be 
meaiured ii not in terms of its formal 
statement, but the extent to which the hyooth- 
eees themselves may be tested* The more 
chances for a hypothesis to be disproven, ie 
the more tests it can be put to, the stronger that 
hypothesis Is, Clearly, a hyDOthesis which 
cannot conceivably be refuted is vacuous, le 
of no use or meaning in a scientific sense for 
the discipline which harbours it. Models 
offer predictions about both observable and 
unobservable events* In the case of the latter, 
theoretical constructs "enable us to deal with 
physical situations which we cannot directly 
experience through our senses, but with which we 
have contact indirectly and through inference" 
(Bridgeman 1127, 13). These constructs niay be of 
two types I those admitting no other physical 
operations except those in its definition, 
and those that do (Ibid)* The testing of a model 
offering predicltons about observable events 
differs from that of a model whose predictions 
are not verifiable by direct observation. In 
the former case, the measure of a theory is 
the extent to :whieh these predictions confora to 
reality. In; ;the caee of unobservable phenomena, 
hoever^ a modei cannot be rejected by measuring 
its predictions with resDect to factual state- 
ments. What need be tested - and, therefore, 
test^le - are the original assumptions* Sueh 



a test of model would be to show that a oonstruct 
of the first t^pe Cllmitad to only those phyiical 
operations in Iti definition) doee in fact admit 
other operations* 

Tv^e objections of this nature can be raised with 
regard to the ^eve model of'Speeeh production* 
In the first plaee^ the validity of the eonstraint 
on higher level reorganization may be undemined 
by speech data implicating the presence of 
past phonological edntrol elemente* Secondly, it 
has bean noted that two central assumptions of 
this model eoncern (13 the relation of eub^ 
phoneinic features to neural signals, and it) the 
relation of these eonmands to the alectromyogram. 
Specifically it is assumed that (1) the Input 
and output of Neurometer Rules (ie phonetic 
component) cerreipond essentially in a one-to= 
one fashioni (2) that the ^Voinotor conversion 
is eaually as simpler and C3) that the effects 
of the propogation of aativity along the muscle , 
and of the EMG reoerdin^ of this activity are, 
again, trivial is nature. It should be noted 
that these are Theoretioal Constructs of the 
first type: these aisumntions not only define 
ODerations at these levels, but imDlv the exclusive 
nature of these definitions*^ the extent to which 
such assumDtions are realistic is clearly a 
crucial test for the model = one whi^, I would 
claim, cannot be definitively passed* 

With reeard to the first (linguistic) objection, 
the introduction of all complexity at the 
periphery (ie Articulatery Rules) implies a 
''trivial" phonetic component* hansell (li7t i 25) 
has labelled such accounts "peripheralist" ^ 
since "they claim that peripheral factors in 
the motor system, confined with peripheral feed- 
back mechanisms can satisfactorily account for 
the conversion from discrete stored units to the 
flew of speech in its acticulatory and acoustic 
aspect* Hansell himielf esoouses an oppoiins 
"centralist" account , claiming the existence of 
a control mechaniim mediating between a phon^ 
ology and a motor lystM with a "power of 
prediction over peripheral factors" (p*27)* 
kansell offeri support for such a centralist 
hypothesis with si^ech data - collectively 
referred to as articulatorv variation which cannot 
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be ejcDlalned without recourie te iuch a control 

Tha view oir^DQunded here is in a^reeeent with 
Haniell'g r^oneluiion that the eKiitenca of a 
deciiien^anlring phonetic component i& a 
neeeisary condition to account for various 
speech phenomena. Further , J would claiffi that 
iuch an account appears te be the wore 
theoretically productive ©f the two, insofar as 
this idlution may accommodate distinct iDeech 
data/ Specifically f the loal of any linfuistic 
theory miist be not only to present a model of human 
linpuistic behaviour "collectively*', but also 
to account for the individual speaker's acoustic 
waveform (Kirn, 1966)* At some stage in the ipeech 
production process , therefore , "fi^Eed table" 
values for lin^uiitic units must give way to a 
set of rules handling the phonetic variation 
found in linBuisticallv identical waveforas . 
What is iiTDliedi therefore * is a caDacity to een- 
erate an infinite * yet bounded ^ number of 
"Burface structures" from a single "deep 
structure" p This surface form mav varv only lo 
far as to preserve the "meaninff" of the deeper 
representation p Such transformaticns aonear to 
Darallel those which would be necessarv riven 
the effects of environmental Dreseures and 
neurofr.uscular tendencv on a spe^oh string. In 
this case, the intrinsic variability of the 
universal vocal mechanism is subject to ling-- 
uistic demands. Hence, despite idiosyncratic 
differences (and the subeeouent lack of absolute 
acoustic values corresoondin^ to the phonemes of 
a language), the speakers of the sa^.e lan?uage 
are mutually comDrehensible * The regulation of 
such idiosvncratically^determined variation 
apDears to occur in much the same way as Mansell's 
nen trivial phonetic component. It does not seem 



1, It should be noted that this is not meant to 
imoly that "the total neural and muscle 
activity will be in a one-to-one correspondence 
with the phoneme i but implioates only one or 
a few component parts , perhaps even the 
contraction of a single muscle in the extreme 
ease*' (p^l.18)* Nonetheless? the underlying 
assumptions remain the same* Consequently ? 
whether total activity or only a charaeteristie 
component is represented, their validity is 
crucial for the model* 
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unreasonable to gupgeit , therefore , that the ^ 
regulation of sueh indioeyncpaticallv^aetarniined 
variation would involve a stratepy iimilar 
to the interDretatlon proeaii of Maneell-B 
contral meehanism, ia, a slnple device responiible 
for the control of all aspeoti of speech pro- 
duction which introduce iinpuistieally ineip- 
nificant variation into the speech etring.^ 
Indeed^ a certain tranipareney of exDlanation 
arises insofar as sueh a solution points to 
gome unifying aipect of the ipeech oroduction 
process » 

Hence, with vrnw^rd to the first point raised, there 
is no a priori reason to constrain the reorgan^ 
ization which oecuri at the level of Neuroniotor 
rules* Indeed, evidence to the contrary may be 
evoked to refute iuch a hvpotheeis. The second 
objection - the nature of the Myomotor Hulei and 
the inferences which can be made about muscle 
activity from elactromyoFrams - is clearly a 
more basic issue for the evaluation of the _ 
Kaskins* Model, That is, should the validity of 
the data nrevided bv EHG be auestiened , the 
empirical basis of thii and other accounts would 
be undermined^ 

In the conversion of neural signals into muscle 
eentractions, the Haskin^ * Fbdel claims that 
''signals map directly onto muscles and control ' 
their contractions moreover, the muscular 

events are observable by eleetremyopraphic teeh- 
nicues.'' (Libanaan et al liSS, 1*11). A hewo- 
geneity is aiiumad "to exist, therefore , 

(1) between neural impulses and muscle response, 
and (2) between the initiated muscle activity 
and the myofraphic display « 

the effects of the recording apoaratus on the 
electromyogram (which cleariy play a role in 

(2) above) have bean briefly mentioned, 
Kansell (19 72) surveys the literature in this 
repard and presents orleinal experimentation 
to provide a detailed account of these consid- 
erations (see asp* Chapter S), With regard to 
<1), the relationship of muscle aistivity and 
the ner*:ous syitem is described by Bauweni 
CliSO, 217) I 



"The subject <tha muicle) acquirei a new 
sl|?nificance when it ii realized that, 
eKeept for glandular activity and iome 
raactioni of the blood vessels accQmpanying 
emotional diiturbancei , muscular activity 
is practically the only way by which the ner- 
voQi system exteriorises its hidden 
proceisei* Facial escpreisiorii twitching, 
nervous tension, and even screamine are 
examples of muscular activity which reflect 
the state of the nervows system. The fact 
that the behaviour of muiclei is so intimately 
related to this eystem allewe the clinician to 
ioeak of them as its mQuthDieces, in the 
ikme manner as he soeaks of the eyes as its 
windows 

Such a sDeeial relationihip of grosi muscular 
and nervous activitv, however, does not imply 
an isomerDhiim with regard to the units of each. 
Partridffe and Kuber (lie?; 1218-1^77) note the 
probleme of EFG interDretation , its relation to 
motor control notwithstanding t 

"From EHG it is possible to determine the 
particioation of a SDecific muscle in a 
particular movemant ... Nevertheless, ^.t is 
not yet ooisible to examine an EHG record and 
interpret anv detail of the movement 
pattern resuitinp from that neural-muscular 
activity" . 

The reason for this dif f iculty i§ , at least in 
part, a heuristic one (p^ 1277)' 

"The samples activity of one unit may" not be 
parallel' to the activity of other unsampled 
units in other Darts of the same or 
synereistic muecle and does not account at 
all for the action of antagonist muecles . 

Beyond this, h^ever, lies the difficulty of the 
undefined relationship of muscle input and output 
Knowledge is Darticularly limited with respect 
to the ''response to the dynamic signals essential 
to movement control" (Ibid)* Their experimental 
findings indicate the complexity of the input« 
output relationships in the muscle insofar as 
pulse-rate alone dees not detemme muscle 
position €p. 1217) : 
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"In order to infer movamant from pulsa rata 
information under Qontrollad axp^rimantai 
eonditienSf three f acton had to ba taken 
into considarationp These are input-output 
non-linearity-, reiponia lapi and hyiteretio 
raipense of musele* To infer physiologloal 
movemant from it would gaem that these 

lama thrae faotori and aleo tha rola of 
synarpietic and antagoniitio motor uniti, 
gravity, ate*, would have to ba eonsidarad". 



Furthermore, the shape en an action DOtantlal is 
alto partially determined by neuronal trani- 
mission faetori (Hanson, Susiman, and 
FacHailaga li71). The lignal propogatad alonp 
the length of the axon «ill vary little in 
amplitude and shape* Tha valoeity of the wave , 
however, if closely related to the slEe of the 
fibre (Katz: il-'ilK Consequent ly ? due to tha 
"differing lengths and diameters of the axon^ 
terminal eollaterals , the neuronal impttlse ^ill 
reach the myoneural junctions of the motor 
unit with some asynohronism Introduced" (Hanson 
at all 1). This may be ^iiffnifleant insofar as 
thesa factors appear to be of inoraased import- 
ance in the case of the particular fihre 
arohiteoture found in much of tha speech musculat- 
ure (Ibid). 

It appears theraforai that the assumotion of 
hofflogenity from subphonamic features to an EHG 
record cannot be dafinitivalv confirmed by the 
available literature* The alternate hypothesis 
is likewise meaningless, in the sense that its 
validity is equally as precarious* A model 
which does not require this assumption there- ^ 
foi*e would appear a mora meaningful and Droduetiva 
means at present to explain the speech production 
process* I would suggest that a claim for a 
decision-making component would detemine such 
a model, Hansell notes that a centralist modal 
presuoposes the triviality of peripheral 
raorganiiatieni ''if the centre is capable of 
pradietinp behaviour of the periphery * * * then 
it is capable of predicting the complexity 
introduced at the periphery and of? if^ 
necessary, modifyinp the instructions issued to 
the periphery on the basis of this knowledfe 
(p. 21)/ In other words , "to predict the 
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future Cof an event) is to carry out a certain 
oparation on its oast" (Vlienar, N: 19 61, 5). 
Similarlv, further, whatever the transfer 
function^ of neuronal, muscular and eleetrode 
tranemisilon may be, it could be expected that 
this Information would be embodied in a 
non- trivial phonetic eomponent and influence 
its deeision''makinp * 

Clearly, the etronBer the assumptions underlyinp 
a theory, the stronger the predletioni of that 
theory, ie the weaker iti descriptive generality ^ 
Thus, often within a model, the more restrictive 
the nature of the asiumDtions, the more precise 
its Dredictions. However, in comparing: two 
theories, with the sa me predictive power , the ^ 
theory with the^lesi restrictive assumptions is 
a better theory in a scientifiG sense in that 
it incorporates and extends beyond the other. _ 
As Faneeil eu^eests , one effect of a hypothesis 
introducing all sirnificant complexity at the 
periphery ie "to divorce the central intention 
ifrom the articulatory output Cwhich) must 
necessarilv entail the existence of a highly 
specific peripheral feedback system for the 
automatic maintenance of anv structure m the 
articulatorv output'' (p*27). The claim of a 
phonetic component insofar as the involvement 
of such a peripheral device to account for the 
precis ion of eont^lled movement in speech can 
be inferred but not proven, a model avoiding 
such an assumption is a stronger model. Clearlv, 
should the role of such a time-sharing strategy 
of the central nervous system in speech be 
eitablished, the reverse would be the case* 

rurther, I would suggest that the "trivial" 
h/omotor conversion assumed in the Haskins 
model is not a necessary condition of a centralist 
approach per se . In this case, it is the 
appropriateness of EHG which is at stake. Yet, 
it should be noted that the viability of 
electr^myoffraphy as a research teehniaue * and 
the validity of a speech production model are 
independent issues/ A dependence of latter 
on the former is created only when EHG data 
constitutes supporting evidence, m which case ^ 
the model is open to criticism from a methodo- 
logical standpoint* 
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The predictions of a model can be no greater 
than the demandi of the general Dhiloeophieal 
eonsideratlons underlying it* The pre- 
dictive expraision of a model therefore , is 
pretuppoied by the assumptione and goale 
for which it wai formulated. In other words, 
the ymty reitricti^e labelled as "neceseary 
aonditions" for the Haskini model conBtrain 
its scope. 

There is no a priori reason to aeiume that 
the encoding of the epeech stream is a 
language universal phenomena, ie oecuri due 
to the characteristics of the vocal apparatus 
shared by all speakers* The constraint this 
prediction of a reetructurin^ ignorant of 
any languaBe^specif ic demands imposei , is the 
motivation par excellence for a eo^called 
centralist model i namely* to fomulate a 
testable model capable of accommodating a 
greater oroportion of the available empirical 
data. 
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SOME OBSERVATIONS ON THE ROLE OF PLACE AND 
MANNER OF ARTICULATION IN THE PERCEPTION 
OF THE VOICING CHARACTERISTICS 
OF FINAL CONSONANTS 



Donal 0*Kane 



INTRODUCTION 

In an experimental inveiti^atlon ^ recently 
Qonducted bv the author of certain 
perceptual cues posited as determining the 
voicing etatus of poitvocalic English stOD 
coneonante (reeulte reported in O-Kane 
(forthcominir) ) iubjects were required t© 
listen to three eeparate lerlei of CV- 
tokens taken from the followinF mono- 
syllables ^ /kDp, kpb i kot . Kad ^ kak and kog/. 
Each individual series presented eoneiited of 
tokens made entirely from 

(1) One rf the above homoreanin ©airs 

(2) Hybi' d CV- syllables made bv simply 
switchinp the vowels between the members within 
each homorganie pair. Finally, the vowel in 
each natural and each hybrid CV- syllable 

was prepreeiively cut back in 20ms steps to 
within IH - 20 ms of onset, five tokens beinE 
recorded at each duration. The tokens thus 
crepared were randomly Grdered on inagnetie 
taoe and oresented via a loudsneaker in 
thi-^e separate sessions C Session l\ /kan, kab/ 
and their hvbrids ; Session 2t /kat , kad/ 
and their hvbrids and Session 3i /kak, kDo/ 
and hybrids) to twentv stibjecti, 

A forced choice was imDOsed on subjects- 
reSDonses. The following example will suffice 
to illustrate. In session 1% subieets were 
instructed to decide whether a /d/ or a /h/ 
followed each CV- syllable thev heard, 
leeause subjects tend, in certain eases - 
mainlv as a function of changing CV^ 
duration - to think they may have heard or to 
subjectively reoort "hearing*' other stop 
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/ k^" / stitaull originally ending Ini 



Total ntimbar of ineorreet / p, t, 
^1 £ / rogponeei ( oxeept for 
hoBorganie responsefi ) fflade to eaeh 
stlaylua type* 
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eoneonants tharf /p/ or /b/, they wera 
^ instructed in ^thesa eircumitancei ..to_g3.ve_ 
thmnm *'ineerreet'* regponses in place of /b/ 
or /b/. The game procedure applied to tha 
other homorRMiic pairi* ITuu , overall , 
tha pQgeihle reipenies were /p^t^ki b,d,p/ 
in each iesiion thouph Initructions biaeed 
the subject towards "eorreet" responses. 
In all, s^jaets provided 9,000 reeponiei 
and tha experimental design anabled the 
cateEorieation of inoorrect rasponsei in 
terms of place and manner of artieulation * 
Over half the total raiponees in each 
sesilen oonsisted of incorrect responies - 
deipita siijaeti' prior knowledge that each 
incbrreot i^sponse was the result of a 
perceptual Clinguistlc) illusion. This bias, 
provided by prior know la dp e ? in fact providei 
more weight to the observations which will 
be made hare*^ 

PLACE MP MAHHER FACTORS 

Bv considering the ineorreet responses only, 
it was hooed to est^llsh whether any general 
resDonse tandenciee could be found to indicate 
the' involvement of Blace or manner of artic-_ 
ulation characteristics which might distinFUiin 
certain grouoings among the stoo consonants 
studied^ Table 1 provides tha overall i^lavant 
data breakdown m6 Figure 1 presents the total 
number of incorrect /p ,t ,k ,b ,d responses - 
exceet for homorganic responsas = made to the 
six different stimuli types used m the 
experiment* 



1. All observations are based on responses 
to normal €i,e. non-hybrid) tokens. 
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TABLE ONE 



Total Nuntoer/Typa of Rasponsei Hade to Each 
-itlmylUi Indapendently-ef Duration. - 
*Round braeketi oentain delated segmentg^ 



S /kD(p)*/ 
I /ksCt)/ 
H /koCk)/ 

U /koCd)/ 
^ /kD(g)/ 



RESPONSE GIVEH 



/p/ 


/t/ 


/k/ 


/b/ 


/d/ 




399 


7S 


51 


83 


i 


3 


14M 


381 


17 


17 


32 


1 


as 


3S 


M3B 


23 


7 


113 


276 


eu 


30 


MOB 


11 


13 


77 


333 


11 


78 


Mse 


13 


51 


38 


3§2 


52 


IS 


39 2 



CV= iyilables cut froin veieed- final tokens 
tended as a group to eliQit responses in 
terms of manner of articulation* If we 
consider voiding status, incorrect reeponies 
display a strong eentrait between the orig'^ 
inallv /b ,d^f /-ended and the originally 
/p,t,k/-ended CV- syllablas. Incorrect 
reiponsei to orif?inally /b ,d,g/-ended itimuli 
reveal that subjects prefer voiceless responses i 
the ratio of voiceless to voiced responiae in 
all homerganic pairs within the /b ,d,p/^ended 
set being sipnif ieantly ereater than the 
voiceless*^ voiced ratio between pairs in the 
/p,t,k/-ended set* Tables 2 and 3 illustrate this* 



TABLE TWO 


Nuniser of Incorrect Voiceless and Voieed 


Responses given 


to Stimuli Orif inally End= 


ini in /p?t,k,b 


,d,g/. 




Stimulus f 


Muji^er Incorrect 


Number Incorrect 




Voiceless Responses 


Voloed Responses 


Originally /p/ 


12S 


75 


/t/ 


181 


Hi 


Ending in /k/ 


121 


lUl 


/b/ 


370 


21* 


/d/ 


421 


il ' 


f%f 


^^\ 


67^ 
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TABLE THREE 



Correct Responias to the Stimuli /p ,t ,k ,b ,d ,g/ 
Seen Againit Incori^ct Hemorganic Responees to 
"the Same" Stimuli v^-^" . . . , 



Stimulus Origin^ 
ally Ending in 


Total No* Cerr- 
eot Responiei 


Total No. In= 
anie Responses 


/p/ 


3ii 


63 


/t/ 


3sg 


32 


/k/ 


U36 


113 


/b/ 




27B 


/d/ 


uai 


333 


/%/ 


392 


352 



In eontraet , voiceless tokani do net present 
gych a clear picture. For CV= syllablei 
originally ending in /p/ or /t/ the majority 
of incorrect rasponies are in teras of a 
place of articulation change with /p/ 
eliciting a majority of /t/ reiponies and 
/t/ a majority of /p/ responses* In general, 
then 4 when uncertainty (caused by ymsml 
shorteninf) exists ai to the voieing status 
of a following itop, the tendency = given a 
CV^ itimulus taken from a /b ,d ,E/-ended 
monosyll^le - is to make a homerfanic voiceless 
response* Given the same uncertainty when' 
presented with ©rifinally /tiO/^ended stimuli , 
the tendency is to choose a voiceless response 
with a differing place of articulation* The 
behaviour of originally /k/=^ended stimuli in 
eliciting a majority of incorrect /g/ 
responses must remain unexplained heret 
Cf/Wajskop and &ieerts (1173)* 

If we regard t for the moment, the behaviour of 
originally /k/-ended tokens as peculiar, we 
have a situation like that shown^ in Table U 
where i overall, the mbit peneraliz^le incorreet 
responses seem to be voiceless responses as 
opposed to voiced responses for which quite 
specific voicing cues seem necessary, lack of 
which result In a generalised voiceless 
response . 



TABLE FOUR 



Tetal Him^er of Times /p ,k %d Were 
Qiwmn as Inoomet KeBponiaa 





E33 


/b/ 


233 




me 






/k/ 






1U3* 



* 30 if responses t© /k/ are ©mitted. 



With regard to place of articulatton , the 
further back in the oral cavity ona goal 
the less ganerallzabla the cues for voicing 
in postvocalic^ final stop conionants beooiBa* 
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OHOSEKSORY FEEDBACK HEGHANISKa AND SPElOT 

Doaal O'KaiLe 
Dapartnent of Language and Llngulstlee 
University of Essex 



1.0 The cpordinatioii of nerTOua and muaeular 
activity whigh aharaeteri^ee spat eh product ian 
depends an a vary aloae Intirrelationahip batwaen 

af fir ant and af ft rent neural systaMS.If human hodily 
afferent activity ie lostpBovifflant ie asatntially 
abalieh©dCReanemanCli6Sb))aHardy(1970) etatee that 
these two nauroloiiaal systeme are virtually imp^ 
oeaibla to saparate phyeialoglcally and their inter- 
action ahould therefora be coneidtrad in tarma of a 
concapt of " senaoriaotor aysteaa "(p5Q),This intro^ 
ductory sfptian viil ba aonoernad with presantiag a 
eimple outline of the varioue oroeenaory reeeptor 
ayatems ralevant to thoa^ aspa^ts of epaach prod- 
uction wHich are tlie aubject of thli paper. 

1.1 The orofacial eoaplax ia relatively danaaly 
Innervated with eenflory racaptare for relaying 
tactilatpreeiura and stretch information ta higher 
lavala.Thare are three major affarant paths ralavant 
to apaech production.Thaae are: the doreal root 
gangli^jtha tractus solitarlus and the trigeminal 
complasa 

Current evidanea eeaas to ehow that affarant 
information from the to*:^uc enters the CKS via the 
dorial root gangliaCKonlgSBark(l970),pll)sBowiian and 
Combs (1969 J showed that lingual spindle afferents 
ara preaent in the diatal hypoglossal nerve and pass 
via the ipsilataral dorsal roots to the thalaaus and 
than project to the lingual sansarittotar areas in 
both the pra^ and post^cantral gyrll. 

The tractus aolltarius racelves sensory in- 
formation fro* the larynx and possibly pa^t of. the 
face and- relays it-^to the CHB .It also receives input 
frail the spinal cord and cortex and has muscle fibre 
cannactiDna with the cerabellua.^ 

The sensory systeM comprising the trigeninal 
complex has the aost discrete projections into the 
cerebral cartes and thalaaue.filscrete sell gluaters 
within this camples will respond to stimulation of 
the oral area " with specific cells responding to 
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vary localised stiaulatlon of speeifie iatraeral ' 
atructurts "(Jerge(l970)pP75).Movtoenfce of the toni^# 
and tongue shape art principally eontrolled by ( 
r# f If x^aechanlaM^ by trigenlnsl afferents 

CKawifflurall970) JV^Sf t eoipiiic aontains | r 

four aajer nuclei: tht triftainal fanflionithe sain . 
sensory nueltua of the Vth* cranial aerveptht nucliua 
supratrigtsilnalia and the aeaenaaphalle nuoleus of j 
the yth, cranial nerve.Thi ractpfciTe fields of the j 
trigeminal gaagllDn are affected by etlmulafcion ofj 
the mandiblt akin fieldstongue ^teeth and Jaw and by 
thermal and tactile stimulatidn of the tongue. In-^ J 
forBation about light tactile stimulation is known to 
go from here to the thalamue(Konigaiflapk(l970) ,pl5) * 
The main a^aiory nucleus has a eonatderable pro^ 
jection area .from the trigettlnal nerve and is 
activated by light touch or pressure on the mouth 
or faoe(K0nliasark(l97Q)iPl4)-The third major nucleus 
of the trigeminal compleJE - the nucleus aupra- 
trigeminalie ^ is primarily reaponeible for mandible 
moveoent and pressure on oral etructurea jSpecifically 
the teethgpalate and tongue. It is probably active; In 
jaw reflexes and jaw oovementa in speech as it ia 
located near the mesincephalic naln sensory and 
motor nuclei of the Vtb, nerve. It is alao known to be 
directly connected with the cerebral corte%(JergeCl9?0) 
nnaliysthf mesencephalic aucleue conducts proprio^ 
ceptivB information from the hard palate and teeth 
and haa primary ganglion cells in the GNS.Jerge 
(1970) found it to contain two types of neuronal 

(a) thoae innervating muscle aplndles in the 
maaaeter^teBporaiis and medial pterygoid 
muscles and 

(b) those innervating dental preaaure receptora in 
the teeth, These neurons are probably active 

in jaw movements* 
Secondary touch cells are alao present with small oral 
receptlTe fields and these send axons to the trlg-^ 
ealnal tract. 

1,5 The principal CN3 coordinating Mechanlams 
which receive and either relay this information 
to the motor centres or modl^ outgoing efferent 
impuleea according to the afferent input arei the 
thalaEiuSgthe cerebellum and the sensory eorteac* 

yarlpus nuclei In the thalamus provide the 
final relay for all broserisdry ihpUt*Por iriatance|the 
ventral poeterlor sedial nucleus relays facial 
seasatioa and Mouatcastle vand HennemanC1952) -found 
stimulation of the Intraoral structures, lips and larynx 
represeated there.The thalamus relays this infor- 
mation via projectioas to the sensory corte3E» 

The cerebellum is a major centre for co- 
ordinating afferent input#For example|the hypogloasal 
nucleus which innervates the tonfua muscles projects 
into the cerebellu as do affei*ent fibres from the 
tractus BoUt^lttfl.ne edrebellu workJ closoly with 
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the priaary aotop cortaae by dlatrlbutlng lmpulse@ from 
the iattsr and supplyinf it with afferent inform 
Bation*_lte _ role i^^ 

"it raaaivae a ooatlnuoue atreaB of ispuless from 
receptors in susclas, Jainteitandona and akinac«« 
Theet eeneorjr impulses do aot mediate aonseioua ienB>^ 
ationspbut supply seasorir cues asse&tial to control of 
movefflentwCpl771)*Bftmaga to afferent inputs to the 
caraballum qt to the oerabellar meahaniBMS are known 
to cauia speech defecte(Kaplan(l96o))«'It is somawhat 
aimilar ia function to the reticular fornation which 
lies beeida the trigaainal motor nusleus and coor^ 
dinates a great variety and type of motor and sensory 
inputs at the brainstfm level, 

Tha sensory cortex is situated in the post- 
central gyrus and afferent information arriving 
there arises in consolous eensation(Hardj(l970) ^ 
p53)*The lower -thij4-^of the ^rua ( the sansory 
eortex area ) race^Yes information from the face, 
jaWf lipSptonfue and: pharynjr.Tha largest part of this 
area is taken Up by afferent activity from the 
tongue and lipa*Thera is an abundance of association 
fibres which connect the post- and pre-central 

grii,the latter being in a " recurrent circuit 
ith(D0*K2tha basal ganglia and thalaaus "(Koa- 
_aaiark(l9?0? ip6)« 

To sum up: tha varloua sensory receptors of the 
orofacial compleaE are activated by tactile jprassure 
and proprioceptive stimulation and send this inform 
sation Tia the dorsal root ganglia j the tractua 
solitarius and the trigeminal c^piex to the thalamus, 
cerebellum and^fflost Importdntly^the post^centfal 
g^ruSftThese sensory nuclei can also have their 
actiTlty daffipened or enhanced when necessary by the 
reticular formation, cerebellum or pre-eentral gyrus* 
This information la coordinated with afferant 
impulsaa from the prlfflary motor cortex andpUtil^ 
ising the smoothing and integrating capabilities of 
the cerebellum and basal ganglia ^ which have pra» 
Jections from the pre-central gyrus ^ the impulses 
project via the major motor nuclei ^ hypo^ossusp 
nucieua ambiguus , facial nucleus and motor nucleuB 
of the Tth, nerve ^ to the individual ffiuseles of 
tha orofacial camplez involved in speech, 

=- yinally I as was -^previously- mentioned, the 
post -cent ral gyrus, which is the principal aensory 
raoeption airaa of the corteXpUeas a ;third of this 
area, for receptive fields of the face and intra™ 
oral area - with the tongue having relatively the- 
largeet rapresaatatlon(Jerga(l97^),p77)aJ©rga notas 
that the number of cells innarvating a unit area 
of the oral cavity ia much greater than for other 
parttt of the faca(*(p€6),l.t has also been found that 
the ability of an mre& of the o^Gfaeial complaz to 
tlseriJiimata seBSory a%$mM^ wm^M ^ itiJmmti^ 



the size of its obrtical and thalaaic prajaetlon areaa 
fh© relatiTa volume of tleiue of thalamle relay 
nuclei and of the poat^ctntral cgftleal fyrui is 

re lat t d ^AtT^gtX^ to^thM^ J[.tJ?.tL^^> .5 J..-P®^^pASE . - 

neural InslrTatioa o^ tta^ rtgioa and inverBal^ 
related to the else of the raceptlT© fialde contain»^ 
ed in this peripheral area"Cfilngel and Fletehar(l965)f 

1*0 It is not enoughpOf eoureepnerely to eetahliah 
the preaenoa of sensory reQeptora in* the oral cayity* 
Effective evaiuatlon of the relative eensitivlty of 
epeech artiaulatore to sensory stimulation is also 
neeeasary and requires the use of relevant tests. The 
present eeetion will deal with one of the most 
effective recent^approaches to this problem. Normal 
speech produotioa requires accurate ;iositioning and 
novement of articulators according tt- a relatively 
strict time schedule and is^to an extent jdependent on 
Intact oroseasory tactile receptors i."hich relay accur= 
ate seniory information to the brain. Disruption of 
these input channels can result in speech output 
disordersCRingtl et al(19?0) ;McDonald Bt Aungst(l967)| 
Bishop e^ al(l973))«In recent years , the developaent of 
tests of oral etereegaosis - defined as " the ability 
to recofnize the form of objects through the sense of 
touch "(Rinfel et al(l970) jp^lO) *have provided 
normative data on oral perception processes which are 
basic to all studies of orosensory fetdback in 
speech(Locke(196S) iRinsel et alCl965) ;Hihgal and 
Ewanewski(1965) ;Rosanbek and Wertz(l973) ;HcDonald 
and Aunisi(1967si970) lihelton and Httheriniton(l967) * 
Other tests - of two point discriBinationste3Eture 
discriainitlon itc.CRingel and Ewanowski(1965) | 
Hingel and Fletcher(1567) ^ havii also shown a corr- 
elation ts exist between articulatory proficiency 
and oral perception but the oral stereognosis test 
is the moMt significant ( with regard to speech 
production ) and the best documented* 
£.1 The oral stereogndsis test now accepted as 
most cossistent and reliable is the test used by 
Ringel tt al(1968il970) which is designed to t-st 
the subject's ability to discriMinate between 
orally presented shapes*For an oral stereognosis t^st, 
one control and one or more experimental groups are 
usually riquirod.ihe control group must have no 
history of sotor or sensory disturbances and the 
exparifLental groups are usually ( but not necess- 
arily ) articulatory defectives, grouped according to 
their speech defects ^ these defects being ranked in 
order of severity after examination by experienced 
speech pathologists, The stimuli used for the test 
are taken froa a set of twenty geometrical forMs 
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(of heat reelstant plaetls ) developed by the ^#1*. 
National Institute of Dental HeaearchsThe items chosen 
represent a wide ranfe of difficulty and eonfus«^ 
— ^ability- whieh"eiteB8lve-testinf-hQ@--tetablishedC--—--— 
McDonald and AttnistCigS?* 1970) iRinsel at aiClffiS)* 
Because hitter jaore rellahle estlBates of relative 
arfciculatory profiolency can he ohtained using results 
froa between-claBS " eoaparisonsCRosenhek and Warts 
(1973) ;Hingel et alC1970)) the forai used are further 
divided into four groups for later statlaticai 
analysea: ovaljtriattgularjhioconcaYe and regtangular« 
Eagh pair ±m used once only (10 raadoa pairs beinf 
later re=ei?aluated for raliahility ) and ao every 
auhjeot la presented with 65 stisulus pairs in all*. 
The subject does not see the stlBulaus form or touch 
it Manually as this procedure can Introduce inter«^ 
sensory artefactfi,The first foria is placed in the 
subject's mouth for five seconds, and after a flTe 
second interval|the coaparlson fora is inserted 
for the saae perlodgThe preEentatlon Is randos** 
iEedsWhlle In the south the forms can be manipulated 
as desired by the subject »The importance of these 
tests is that they provide a method for judging the 
functioning of the speech mechanism and, as a reaultj 
can provide normative data against which to judge 
the dep^ee of relative speech efficiency which 
differentiates speakers*The efficiency of orosensory 
function being a fr.atter of degree rather than ^ 
matter of absoluta dichotomy between normal sensory 
function and no sensory function, the finding that 
statistical analysis of between=class error rates 
can differentiate between levels of sensory 
dysfunction is of paramount lmportance(Bosenbek 
and WBrtz(1975)). 

2, a studies of articulatory defective speakers 
show that those subjects with articulatory defects 
have higher error scores than normal speakers and 
the errors made tend to increase as "a function of 
the aeverity of the articulatory defect(Ringel(19?0) ; 
Mshop et al(1973)).fie^enbek and lertg(19735 
found significant differences between apraxlc 
patients and aphasic patients without apraxiajand 
furthersthat " the more severely apraxic the patient^ 
the more poorly he performs ** on oral stereognosis 
tests(p32)*itereognosia has now been recggniEad as 
an iaportant avaluator of the inte^ity of the CNi- 
and such tests as those under discussion are now 
generally used in at urb logical examinations (Rlngel 
et al(l9?0)* 

This ability to Identify foras orally 
increases with age until middle adolesee&ce and 
renaiiis ralatifely constant until old age when it 



77 



eaa deterlorate(McDonald aad Aunifit€l967) »p70).Childrea 

generally err acre than norfflal or mildly artigulatory 
d^feetlva adultSsThis le gentrally attributed to 

aad the iaproved motor abllltlefi of adultfl(Mngel 
ft alCl97o))»There is also efidence which augfests 
that m the maturation process odstlnueipa child 
wiXl changa frem a^enslve dependence on auditgi^ 
feedhack to a ^eater dependeaae on tactlX@ or 
ktneathetic fe^dhack or hothCShelton and Heth^ 
ertngtonCigfi?))* 

2»3 l^he queetion of whether or not the degree of 
oroseaaory dysfunction in a speaker la the result of 
a Botor defiolt or a sensory input daficiency is of 
ohTiotts importance#larliar studies of oral atereo*^ 
gnosis suggested that poor perforBance on the teats 
waa a function purely of poor motor ability alont 
CMaBonald and Aung8t(1967})#0bviouelypas Look€Cl96B) 
po^ts out I oral stereofnoaia InTOlves both the 
peripheral tactile receptors j central integrating 
proceeaeayand a ffllnlmum level of motor facility^ 

It would not seem to be aimply a higher leTtl 
geairal parceptual ability aa McDonald and Aungst- 
would auggeat*Edwards(19?0) showed that apeakera 
with artieulatory defects who had higher error 
scores than their normal eounterparta in oral 
atereogftosis teetS|did not produce eignlfleantly 
different error scores than normal apeakera when the 
feraa were sanually explored, Rosenhak and Wertz 
(1973) demonstrated that apraxla of apeech is not 
slAply a motor ( speech output ) disorder but alJO 
a sensory ( speech input ) disorder. Apr aSEic patients 
could be differentiated on the basis of their 
orosenaory perceptual ability^Thia deficiency la 
relatadjthay go oUj " to ability to proceaa,atora j 
recall and compare aanaory and motor information 
receiTed from the oral periphery "(pajS) and 
disruption of orosenaory feedback ayatema can result 
in spoech output disorders» 

Zmkm Data from oral stereogaosis and other sensory 
teata can help eatabliah the relatlTe sensitlTlty 
of farlous parts of the oral cavity *^his data 
becomea more algnificant If considered In the light 
of eTidence of oral cavity Innervation presented 
earller*As waa noted In the previous sectlonpvarious 
parte ©f the oral cavity are mare densely Innervated 
ibaA othara^Generaliy apeaking|the density of oral 
cavity innervationCper unit areajdecreaaes aa ire: 
move from the anterior to the poaterlor part of the 
oral cavity^Rlngel and Evandvski(1963) exaalned 
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oTBl Sensitivity using a test of two point discrim» 
inacion and found that the tonfus tip'had the 
__=greatget=tact±le= 8#naitivity-^mnd"|in- d 

order of aenaitivltyj w#ri the fingertip, upper lip, 
soft palate ialveolar ridgt and thenar eninence of 
the right hand. Except for the fingertip, all tongue 
tip sites studied ( at the midline and' to the " 
right and left of the midline ) were significantly 
more diacriainatlng than all other struetures 
atudied(pJ95).ln a aerlee of texture discrimin- 
ation tests Ringel and Fletoher(ig67) found that 
the lingual structureB were ^ in general " more 
accurate evaluatora of texture " than other oral 
structures(p648).it ig also relevant to note that 
evidence exists which shows a correspondence 
between a structure's mobility and its ability 
to discriminate orally presented forms (Silverman (1961) 
for instance)pAll oral areas^as we have seen,are 
relatively densely innervated and their receptive 
fieldg are small. The order of relative sensitivity 
found by Hingel in his two Doint discrimination 
exp^rimenta " approximates the Brogreasion obtained 
when the structures are ordered on a basis of 
relative size of their cortical and thalamic pro^ 
Jeetion areas "(Ringel and Ewanowski(1965) ), " 
i.e. the greater the size the greater the sensitivity 

Finally, Hason(l?S7) studied the strategies 
used in oral perception tests by subjects in 
(a) normal Cb) right unilateral mandibular block 
^nd (c) bilateral fflandlbular block conditions and 
his findings tend to fit the above pattern. Under 
conditions (a) and (b) aubje.cts tended to use the 
anterior part of the tongue to feel the ■inserted ^ 
form's shape, Few two area contact strategies were " 
used C for example lingual^palatal contactg^sUndsr 
condition (c) the tongue again was relied on but ' 
usually in association with other oral structures- 
palate or teeth etc* HeDonald and Aun^tdgS?) 
used an artificial palate for some tests of oral 
sttreognosls and found no significant change in error 
rate when compared with non-covered palate sub^ 
jeets' scoreSsThis tends to underline the sensitivity 
Of the tongue and its Importance in making oral 
fortt perceptual Judgessnts, 

1*^ Mason's (c) condition, the total time taken 
for Identification was increased by j on average 
four ainutessln (a) and (b) conditions subjects 
preferred to have the objects, on the tongue midline 
Cdegpite the anesthetisation of the right half of 
the tongue } a finding which tends to correspond 
with Rlnsel»s(1965) observation that the midline 
of all structures studied for two point discrim- 
ination was the most diseriminate»Under bilateral 
Bsandlbular block, all Mason»a subjects used pressure 
Manipulation on the centre and posterior tongue as the 
prlacipal tdantifieation aource* 
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3,0- ft hat- betn hypothesized (Rutherford, 1567) that — 
chlld't acqyiiltJon of phDnolQgy and ability to eombfne 
soundi Into linguistically meaningful pitterns is 
accomplished to ionfii extgnt via sensorimotor associations* 
To ac^ulrs an adequate cofrinunication system would i therefore, 
according to this hypotheslii depend on the "anatop'ical 
and functional Integrity of sensory receptors and their 
concorpltant interconnections through the peripheral and 
Central Nervous System." (Hat In , 1972 . p.S?!)- In the 
previous section It has already been indicated how a 
positive relationship exists between orosensory perception 
and speech production. People deprived of orosensory 
seniation either pathologically or hereditarily, provide some 
support for the above hypothesis and provide further data on 
those aspects of speech production which seer to be nost 
affected by such deprivatlQn= 

Zlatin (1972) studied a child from the age of II to 
nonths who had congenital senSOry Impairnent. H (the child 
studied) v/as insensitive to touch, pain and terperature in 
tne oral cavity due to the absence of peripheral sensory 
endings there. Despite this, on speech intelligibility tests 
at the end of the period of studyi a group of 3^ adult 
listeners could, as a group, judge correctly E^l of the 
child's words used In the test sentences. 

The kinds of errors and difficulties which ^st 
corfnonly arose in the child's speech show a rather significant 
pattern. An analysis of feature violations at ^1 ronths 
revealed that place errors accounted for 721 of artlculatory 
errors nade (nanner violations accounted for 5? '» voicing 
violations for 6i and oro*nasal violations 0^* p,3S7). 
These place errors reflected a general lack of articulatory 
precision and anteriorly produced sounds were nost affected, 
iilabial sounds were periodicany absent fror^ "'s speech and 
when otherwise attenpted, tended to be replaced by lingual^ 
dental or lingual alveolar sounds. The tongue tip was rarely 
used relatively Independently of the rest of the tongue* For 
eManple, alveolar sounds would tend to be produced using the 
tonque blade. Again ft is interesting to note that the most 
sensitive areas of the oral cavity (and the TOSt densely 
Innervated) ^ the anterior areas of the tongue and the Hps 
in particular ^ are the areas where a major proportion of 
afticulatory errors occur. Few errors were ^^ade on vowels 
or velar consonants; fricatives being a major source of 
place and rnanner errors (e^g. f*d; v^bj^^d, p. 351). Errors 
like these in an escperlnffintai ly Induced state of orosensory 
deprivation were found by Gammon et al * (1971) whereg in 
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the lablii and alveoUr regloni. ilurations Jn frUitives 
afPrieativei ind itops occurred. MasonU (19S7) obiervit Fons . 
cited prtv.ously, of iubjecti In oral itereognoiJs tests 
using the centre and posterior tongue for form manipulation 
^ whan the whole of the anterior part of the tongue was 
anaeithetJzed, underlines how Important this highly sensitive 
and mobile area is during speech production. 

3*1 A series of experiments condycted by HacNeiiage, 
Rootes and Chase {1367) provides further evidence of Ihi 
importance of intact orosensory feedback mechanlsns In speech 
They mtensively studied a !? year old female with severe 
impairment of orosensory capacity and r^tor control. She 

w? ^ ^-.I^"!"'*" ''^ ^^^^ capacity when tested 

w th bo h Lharp end blunt probes (p.^^Sl). Her speech was 
virtually unintelligible, the Impairment Of her articulation 
being significantly nore marked for consonants asmpssed to 
vqwels (in fact, her speech has been restricted '^primarily to 
the production of vowel sounds fwst of her life** (p kSO) 
this impairment being related to a ^'marked Inability to ' 
organise movements of the Hps and tongue** (^fSI)) 
NiurolDgical examination showed no direct damage to the motor 
system and no structural or functional deficiencies in the 
nuicles. Tests of oral stereognosis, two-point d I scrl nl nat ion 
and tactile localization, howaver, showed considerable 
defjcfencies in orosansory functioning. 

Her production of various sounds was phonetically analyzed 
Ai m the previously cited study, the major source of error 
was in the anterior oral cavity, consonants being most severely 
affected, fricatives and stops especially. For i^^anpla, her 
voiced stops were never judged as correct and voiced 
fricatives were seldon correct. Consonant clusters wire 
ainoit never produced correctly. Clnefluorographic study 
revealed that the anterior part of the tongue never moved 
independently {p.^Sl} which resulted in the girl not beinr able 
to articulate /e/ or affricates. This is somewhat sinilar to 
« s articulation, a Further similarity being the glpps use of 
tongue body movements alone to produce /t/ and /n/, 

3.2 One of the problems with studies of such subjects U 
that of separating possible motor effects on art IculatTon from 
sensory based effects. Scott et al. (1171) conducted " 
experiments to assess the effect of clinically known motor 
disorders on speech and compared them with speech production 
under eKparlmental ly Induced sensory deprivation. Their general 
finding was that each group produced ^'unique kinds of 
artjculatory errors'* (p.8l3), in particular, *'the loss of 
peripheral sensory information normally used in the control of 
speech results in a unique conite I latlon of articulatory 
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deviation^'* (p,82?)i so It is poisibfe to distinguish spiakeri 
who havt isnsory based dyifunctlon from those with iRotor 
syitom damage^ 

Of spsclal Interest here are tht kinds of errors made by 
tht saniory^depri vad group, loth groups had no difficulty 
producing phonetically acceptable vowels. Of the consonant 
productions, fricatJi^ei and stops suffered most and the arrop 
patterns from these two types of articulation In particular 
could differentiate between dysarthrlc and seniory^deprl vad 
speakers. Bllablals tended to be produced unilabially (ysing 
the lower lip) or with an esstended release phase which 
produced an affrlcated release. Alveolar and velar stops 
v/ere retracted In half the potential occurences (a tendency 
also noted by HacHellage et aK (1967) in their subject)* 
FricatlveSi /i/ and /J/ were less close and mora ratractad 
than In normal speech* Another recurrent^ finding wis the 
Inability of the sensory^deprl ved subjects to iafectivaly shape 
the tongue apex* 

3,3 It Is obviously not a particularly easy task to find 
people who exhibit particular sensory dysfunctions so most 
1 nveit i gat ions of orosensory r^chanisps to date are based on 
experimental situitlons using nornal subjects who are 
selectively deprived of some aspect of their orosensory 
perceptual mechanism. The patterns we have teen emerging frop' 
the previous sections again becomes evident when experimental 
sensory deprivation studies ire considered. Sensory 
deprivation Is usually Induced using nerve block anaestheslai 
this condition being the '*b1ock'' condition, in the experiments 
to be coniidered here, sensation In ail surface oral receptors 
in the supraglottal region are inaesthetlzed except for the 
pharynx and posterior one third of the tongue* 

Scott and Ringel (1971) studied two subjects' production 
of 2^ bisyllabic words and, using a classification iystem 
based on that of Peterson and Shoup (1566)* collected data on 
^'secondary artlculatory paraf^tars such as air releasei 
laryngeal actfoni apex shape and lip shape as well as primary 
manner and place parameters'^ (p>8G7)- 

Again, stop manner errors tended to result from 
Insufficient closure so that k out of 5 of the errors for 
Intended Initial 7b/ resulted in bilabial fricative /p/* 
Bilabial stops were unllablalty produced using the lower lip In 
approKlmately half the cases and voiceless stop release In 
Initial position tended to be affrlcated* (p,S08*9)* Alveolar 
and velar stops, /t d k g/, were often prodyced with a 
retracted point of closure; alveolar stop closure tending to bp 
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fff'.^cted using a con pa ra t i ve 1 y large tongue lurfaes ^rea. 

Fricsitives f^^JI were alnoft always Itsl cloiely 
produced vn th less or diminution of fine control over 
tongue blade and apex man I pul at i on in the formation of the 
necesiary coni t r i et I ons , 

Vdwo I s are generally considered to be resiHent to 
anaesthetic - on the hypothesis (Ladefoned, I967; Schletsser 
and Coleriant 19f»8) that they are nore dependent on 
kinaesthetic feedback, Hov/evfr, Scott and Rfngel did find 
certain changei in \/owei prodyction. Those vowels vihieh 
need labial adjustment were frequently changed ^ /d o u/ 
heing less rounded in half the cosei and vov/els specified 
ai high^front or high-back were found to be less elose 
(p. 81?.). Vowels in the environr^nL of canionants which 
retracted under the block condition also tended to retract. 
A "slight" tendency for vowels to adopt a nore neutral vocal 
tract configuration was also noted (p,Sl3)* This was of no 
perceptual significance thounh, but the hypotheiis^ that 
vowels ar^ totally dependent on only kinesthetic monitoring 
channels nieds recons i de i^at Ion . 

In a further experir^nt, Putnaffi and Ringgl (1972) itudied 
the bllabials /p b n/ in initialt tntervocalie and inter- 
consonantal position and found then uni labial ly produced In 
all caseSi with inconplite closure for /p/ in all Zip/ 
clgsters (p. 53^). In normal and block conditions /p b m/ 
could be d I s t i f>gu I ihed by their lip opening ratei in initial 
position, /p/ being fastest and /n/ sloweftt, /p/ changed 
phonern t ea I 1 y In intervocalic position and in double and 
treble cluiters, to ttf . L 'p openinq rates also distinguished 
/p b m/ with /p/ ana i ^ beinc swifcest and f^l ilov/est. The 
voiceless bilabial plosive seens to be r^OSt dependent on 
Sensory Information^ poiSibl^ because such information may 
be needed for determining intraoral air preisure which can, 
inter alia, diitinnuish /p/ from /h/ and /m/ (Haleeot, 1961). 

Again» vowe 1 i were altered under block conditions. After 
un! labial stop release, /ae / and /!/ were less ©pen and /u/ 
was not rounded (p,S3^). Another difference was that /le , i/ 
rfTjtimum lip opening areas v/ere half their control values and 
/m/*s maximum lip ppening are^ was 2 to 3 times the control 
value. (p'536)* This again shows the n'.t' f^r close 
examinLtion of vowels In scfisory block c^.-^t' ons to try and 



minht bQ causing those effects and whether or not tacti le 

deprUation does not «ff«t vowel i to the "-^ " 
'on.onant. bu. .ay perhaps "^^eeause voweU c n | ^_ 
nrnduced with a greater degree of under or oversno 

no perceptually significant than "^^^^^ ^ 

the case of fricatives for e«mple, require nore accurate 
irticulatory adjustments. This speculatmn could 
profitably be tested. 

The tendency for fricatives /s// to be produced with a 
closer^" retrLted articulatory positioning is noted by 
Ir efal (1973) Who .ade a«>^j" = /"^'y?" ° .^P"^*' 
produced under anaesthetic. They fO"?J/-'f ' '"^^ 

S?t^L-?:S:ef^o^LnyL-°?s^^ 
centre frequencies were not significantly altered. 

To sum up. consonants are. as a class, nofe severely 

Of production gen^rany outnu^be r such J-^^ L 
UtSr.U. glide, and n.i. U Girr^n et .1,, P Z77J 

The meit frequent errofl In Garr^n et iK t Study or 
artlcuUtion under block anaettheila were: 

U) subitltytion of plosivts for fricatlvei (in 302 out 
ef 33^ intended frU^tive preduc 1 1 ons ) , 



Ne?£E were 



TSoia:r;^t?Su?:?i:j ;s:s:^nt%Sf SnnS^ i::s::i:":.t,y 

? n o en"tS closed ^ver^nt (fricatives / affj =at.ve 

1 S?ostves) The ™Jority of place errors occur ;n he 
an?irUr part of the oral cavity, in particular. >n the 
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bi hiblol/lablodehtal area (Gamfnon et al, 1971, p,276), Thii 
syggeits that more artfeulatqry precliion and, thereforej 
more intact orsieniory foedbaek may bg neceiiary for such 
art i cul at ioni compared with^ for Initafscgj vglar or 
pa 1 a ta I p roduct 1 oni > 

Although much frore i nvei t i ga t ion of orosqnsory 
feedback mechan i ims Is neeossary before their role in speeeh 
production is comprehensively establ i ihed, it li of interesti 
at this point, to conilder the data prefented here in 
relation to sOme theories of ipeeeh production which form 
the general conceptual frafnework within which a large amount 
of present day phonetic reiearch is conducted, 

Fairbanks (195^) poi 1 ted a model of Speech production 
vvhieh included the ?d§a of ipeeeh as a iervomechan I sm 
(cf. Chase, 1967). According to hii model | speech output 

in termi of auditory and oroseniory feedback - v/as continually 
monitored and sanpied and a high-level comparator matched it 
v^ith the input of the speech rechaniin, Any differences 
between the two ivould trigger an error correction signal 
which would modify outgoing high-levei corrmandi to the 
articulators (p. 135). At flrtt glance, the disruptions 
caused by seniory deprlyation would seem to Support this* 
However, the model would predict nurb more radical breakdown 
because of its vlrtuilly total dependence on cloied loop 
feedback from the periphery. The fact, hov/ever, that Speech 
remains highly intelMgiblo under extensive oroiensory feedback 
deprivation does not iupport Fairbanki!* model. It could be 
arnued that auditory feedback compensates for loss or 
diminution of orosensory feedback but Schleisier and Coleman 
(1963)-, Gammon et al, (l?7l) and Rlngel and Steer (1963) founc 
that even \/ith both oroiensory deprivation and auditory 
naskinp speech itill remaini highly inteliigible. Coart I cu I at i on 
studiei showing anticipatory articulator movements alio 
suggest some autonomoui high-level r^tor command system 
involved in speech production (Sussnan et al,, 1973; Ohman, 
1966; Daniloff and Kim, 1571). 

If speech Is considered as a ''ikilled bodily action'' as 
Ladefoged (1^967) Suggests (p. 162) then the degree of speech 
efficiency which li exhibited would dgpend on how well the 
speaker could process and coordinate incofning sense data with 
outgoing motor activity. Ladefoged saw 3 kinds of feedback 
necesiary for this (a) auditory (b) tactile (cj kinesthetic 
(p. 163). Thi- kind of "efficiency" is what oroseniory tests 
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purport to ffieasure ind the d i i t i net I onS wrth regard to 
artieuiatory proficiency between varlqut group! of spuakari .. 
diicusfed in Section 3 tend to iupport. the suqQeStion of 
speech efffcrency being to so™ extent deper 'mt on the 
integrity of this Sensory fTOnitorlng and int«nratlng lyitem* 
Ladefoged alio aiilgned different sensory monitoring systemi 
to different classei of articulation (p.16^^5). He saw 
auditory feedback as the principal monitoring lyitem for 
preiervlng vowel quality, nasality and pitch and orosensory 
feedback as the fnonitoring system for consonanti, 
Intereittngly , Perkell (1969) makes a somewhat linflar 
Ipeculation about such a divliton of peripheril nechanfiris, 
He posits 2 underlying neuromuscular systens Involved In 
ipeech which deal with different klndi of peripheral 
feedback* Vowels which prinelpilly depend on the tongue's 
ejctrlniic nuicles use acouitic and klneithetrc informatton 
principally and consonanti* using extrinsic rusclet and 
faster Intrinsic muscles, depend more on tactfle feedback and 
intraoral air preiiure feedback. 

Both Ladefoged and Perkeil seem to tacitly assufne that 
there is cloied^leop control of ipeech and both also aisume 
that If certain aFticulatlons are not affected by oroseniory 
deprivationp it Is probably because some other feedback 
mechanii.n Is being relied on. Rlngel (197?) teUeves that 
such attempted divisions of monitoring respons i fc i M t i es are 
not at present justified by the evidence, (Cf. Studdert-^Kennedy 
and Shankweller, 1970) . 

According to Henke (I967) the normal tenpora] succession 
of speech fneviments cannot be effected v^ithsut the use of 
peripheral feedback. For instance, He v/suld posit that without 
tactile feedback to indicate bilabial cloSurej the coriTiand 
system which waits on this signal before proceeding would have 
its time schedule disrupted and the normal articulatory 
fnovenxnt (In time) from one position to anotHer would be 
changed, Certain evidence v/ould seem to iupport this: the 
fricated release of initial /p/ and the correlated delay in 
VOT for the succeeding vowel which Putnam and Ringel found 
(1972). Again it is assumed that use of proprioceptive or 
aidltory feedback compensates for loss of tactite or pressure 
sens ! t f V i ty , 

^,1 The extreme opposing view of the ipeech production 

mechanism Is that speech is a completely open-l^p system. 
As MacNellage (1970) says, this system would ''not have to wait 
for Information associated with actually reachinc the previous 
location In order to control the following rrsvenent 
appropriately'' (p. 189), With such an autonomous notor comand 
system one would predict no disruption to speech under 
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cenditisns of oroieniory deprivation and, as we have seen, 
thii ii not thg Case. A psint between theiq extremei 
yields a rrore satisfactory Gxplanatory modeK 

The work of the Haikins expe ri men to rs on the rrotor 
theory of speech perception (Liberman et al., I963t 1967) 
posits that learn to associate our tpecch output with 
our perception of that output,, RooteS aid HacNeitage (1967) 
found such an ossociation in their study of the 
eongenitalty deprived glrK Among ftop conionants and 
front vowels "the moit efffcientiy produced phones (/i/ and 
/b/) are also the ones most iuccessfully identified", 
(p. 317). f-oi^ver, her speech wai "almoit completely 
un 1 n ti 1 1 i g i b le" to the authors though her perception of the 
normal speech of otheri wai apparently normal (p. 317). 
The problenj of course, with subjects who are deprived of 
normal sensory input over a long period ai opposed to short 
tern deprivation, is that they lack normal coordinated 
sentorir^tor experience and, if, as Ladefoged (1?67) and 
Bishop et ali (1973) suggest, speecH efficiency ii related 
to a speikir'i ability to integrate ieniory information with 
motor patterns of ipeech, one would expect severe 
disruption in the case of the girl frentioned above* The 
whole subject of nornal oroseniory eHperlence in the 
acquiiition 0^ ipeech and maintenance of its norfral 
efficiencv needs 1 nvei t i gat ion , In the experimental 
investigationf discuiSed earlier, Short term deprivation 
could be CQf^entated for by the pfeviously established 
integrity of the speech nechanlsm as the high level of 
intelligibility ihows. Such an Investigation should alio 
include a Study of the posited ipace'^coordinate systemi in 
ipeech useri* brains (MacNeilageg 1970) v/hlch tests such as 
oral stercoonoiii teem to supgeit exist. 

A r^del which Includes both open and closed loops 
Systeris In ipeech was suggested by Liberman et al . (1967) to 
work in the follow inn nanner.' 

.,"The inftructions might be of two types, 'on^off or 
'go^^'W^i even in a naximally iimple model. In the one case, 
the affected nuscle would contract or' not with little 
regard for its current state (or the position of the 
articulator It noves)l In the other, the instruction would 
operate via the gai^a efferent systeni to determine the degree 
of contractlDn (hence the final position of the articulator, 
whatever its Initial poiltfon.)" (p. ^^7). 




It ii gGnarilly accepted that there fs an autohomoui 
open loop iystem invdlvod in speechi primarily to encode 
at the hlcih level not just one articulatory segment at a 
time but a succession of such segmenti posited ai being 
about 7 iyliables long (Kozhevnikqy and Chlstovich, I965i 
GamTnon et at,* 1973; Laver, 1968) and within this general 
framework, Uhernanet aUi hypothesii teems plausible and 
there is a certain amount of evidence to support it, 
According to their hypotheirs, In an initial /p/ produetion, 
a simple open^loop, 'on^off closure gesture v/ould be 
necetsary, but In order to go to the jPoIlovnng artlcylatory 
position the eonmand lysteni must know where the relevant 
articylators are moving from In order to calculate the 
distance In time which they have to cover. Putnam and 
RingePs (1372) findings would seem to corroborate thfi. 
In their Study, referred to earlier, Initial /p b m/ iuffered 
nn major changes In manner of production under anaesthetic 
whereas, for Instance, Intervocalic /p/ and /p/ after /s/ 
changed to fricativei and /r/ and /u/ following initial /p/ 
were often not rounded (p. 539). Kozhevnikov and Chlstovich 
(196S) Showed that Hp cloiure vtloelty In bl labials was 
directly proportional to the amount of lip opening of the 
preeeding vowel. The anaesthetic* we could posit, 
disrupted the 'where from' information, 

Scott and Ringel (1971) also support this position with 
some interestlno obse rva t i oni , Under anaesthbtlc, suhjecti 
can make basic manner gestures not significantly affected 
by anaeithetic such as.- cof^plete closure of the vocal tract, 
opening and closing of the palate, basic vocal tract 
conf I gurat i ons fer vowels and close vocal tract constrictions 
(p,Bl5). This provides a tasis for positing Hlgh-lgvel 
encoding of niotor cor^ands for specific targets which would 
in the main be rross planner gestures. Closed loop control 
via tactile, pressure* proprioceptive and auditory nechanisms 
then beconies necessary to refine these basic gestures, 
particularlyi as we Have seen, in articulations involving 
reiativGly rTore precise articulator positioning (Llbernan 
et al., (1967)), The lack or loss of refinefrient of apical 
tongue gestures noted p revi ous 1 y i n patholog i ca 1 or 
congenital sensory deprived speakers also lyggetti that we 
can make a distinction between basic gross gestures and those 
which are more refined. 
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Moll and Shrlner (1967) show that palatal 
pOsHion varioi as a function of ipgrnent type so on'off 
eontnands cannot ba expected at the periphery. They pofit 
anvi ronrnen ti 1 reitralnti as the reason for this but 
maintain that, at the high level, the cofTrianH can be 
poi i ted as binary. 

A further complication involved and a further 
demonstration of the role of closed loop control has been 
pointed out by MaeNeilaqe (1970) referrinn to work on 
ipeech ihltiation gesturei by the Jaw (for rnstance, 
MacNeifatje, Kronei and Hanson * 1 97^^) < 

''although the afnount of opening of the Jaw variei over 
a range of severa! mi^ under non^ipeeeh conditionSp the jaw 
positions adopted for a given initial segrnent shows very 
little variation (l""! frtns , ) with repetitions of the sane 
utterance^ For thss to be soj the production pechanisr 
mutt take into account the pre^Speech position of the jaw; 
and make a speech^ i n i t i a I jaw reverent continQent upon the 
pre^^Speech position^" (p. 152). 

The problem Of ejsplaining peripheral variance ?n nodels 
which posit invariant hjch-level phonological tnputs will 

■/^probably involve specifying sensory^ feodback sytter's and 
their modifying role at the periphery and rsst Speech 

production models discussed here could probably include in 
Fheir i nvest i O^t • ^f rnptor control of Speech as an 
outpLTt oriented device a consideration of Input inflyences 
on that output (Lindblon (1972) ^ Tatham (1969)). A fruitful 
approach could be an examination of the influences of 
orosensory deprivation on coartTculat ion which could throw 
li^ht on the conpleje relationship between autonomoui central 
motor control and peripheral tensory nechan i sms . The degree 
to which a relatively Independent articulator can compensate 
for overshoot or undershoot may depend to Sone extent on the 
iensitivity of the articulators involved to peripheral 
sensory in forma t Ion . 

Previous sections have demonstrated the exitttnce of 
methods of differentiating classes of articulations (correlated 
with major phonological classes) and some feature 
speci f i cat ionfp The distinction found between vowels and 
consonants fs the obvious example of the forn^r and the 
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d'istmetion between the antarler ond posterior parts of 
the oral cavity (cQrrelatlng to some extent with the 
antGr for/coronai phonological diviifonj (Garreran et aK( 
I973)) exertipiify the latter. 

Detailed investigation of bilablats and fricativei, 
for example, which seen rait effected by deprivation and 
of varlDui place differentiations between ar t I cul at loni 
and conparison of thit data with phonotoQical claiiificat- 
ory systenii could be enlighteniriQ tn view of the present 
intereit in phonological naturat elaifei* The gqneral 
finding that anaesthetic r^ay §elective1y effect certain 
elaiSet of sounds (Hqri f et a1. 1973) their 
i n tell 1 g i bi 11 ty gives further reason for such investi^ 
gations. The theory of HarWedness uses, as part of its 
juit i f icat ion for assieninc r or u markers to certain 
phonological entities a conceDt of relative corrpiexlty 
^ in, for oxanBle, the nur^bsr of Features needed to 
specify a seonent Or a clafs, Studies of orosensory 
rechanis^S also trfvolve the concept of complexity of 
different articulations (for b.c, fricatives as opposed to 
nasals) and also COuld provide a relativelY concrete 
procedure for defining relative conplexlty' in terns ofi 
for exarDlei irticulators i'^voived, deBendence on various 
feedback Rechanfsrs etc. 

The output of the phenolocy provides a set of 
instructions to the articulators on the assunptlon that 
there exists sof^ ideaHied SDeech norm ' sone norr' of 
articulatory proficiency, ftudies of speakers with 
orosensory deprivation, vHet'^er expe r i nenta 1 , pathological 
or congenital, could Help esiaslish those aspects of speech 
production (tactile, propr ioce;t i ve feedback, etc.) without 
which articulation cannot be ciassed as 'nornal', One could 
investigate the previously posited basic r^anner gestures 
with a V i ev/ to t i S * 



and also for definins the amount of relative articylatory 
precision which nay be neceisary for speech perception 
purposes . 
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h j\ Much nore data naeds to be cQllected on the nature 
and funetion of lensory input rachaniimf and their 
fpetifle role in ipegeh proriuetion, There is virtually 
no infernitiQn at preient on the rsle of tenisry feedback 
on compeniatory articulator activity. The offect which 
orosensory deprivation of a particular articulator has on 
the activity of synergistic irticulitors invqivdd in 
producing the iarne articulatory gesture also ngeds 
I n vGS t i g3 1 i on i 

In order to establish the relative importance of 
seniory mechanifrri In specific artieylitory neitureS (e.o* 
in hi labials) i the other Unown parameteri involved R^ust be 
s i mu I taheous I y examined, The intraoral preisure ff^chanisn 
posittd by Malqcot (I96S) has yoi to be coneluilvely 
eitablished, The relative roles in artrcylatlon of 
prop r I QCGpt i ve j tacttltj pressure and auditory feedback 
mechanisms also need thorough i nvos t i qa t i on , Other 
techniques such as paiatoeraphy or x^ray filmino v^ould be 
necessary for coilecting quantitative data on luch 
phenoniena as 'observed' tongue retraction etc, and possible 
alteratloni in place of articulation generally. 

One of tfie problep'i with E^G stud*es of nuscte 
activity In conditions of orosensory rieprivation and a 
general problen in all oroiensory deprivation studies is 
an anatqnical one* The difficulty in fdentifying individual 
muscles for EHG investigations using either surface^Cup or 
needle electrodes Is well known (Harris, I97C), Work by» 
for eximpiei Ohman et a1 , (1965) ained at providing a 
renable method of ensurinq proper poii tioninn of electrodes 
can help here^ Hore specifically, the role of anaeithetic 
in ej«peripienta1 deprivation experiments is a problen which 
needs 1 n vet t i gat I on . Little is known of possible leakaqes 
of the anaesthetic to notor nerves, neighbouring those 
ielected for anaesthet i c J Usubiaga yt al , (1967) # 
den^nstrated how certain corr^nly used anaesthetics^ 
(procaine, Mgnocaine) enter the cerfbrospinal fluid 
extremely rapidly (within 20 nlnutes) and this nay poiiibly 
effect the brain speech-controlling neehanlsn, However, 
considerinq Our current knowledge of the subject the sinilarlty 
already established between ej«perinental ly deprived subjects' 
speech and the speech of congenital ly or pathologically 
deprived subjects' speech tends to suggeit this Influence Is 
not absolutely crucial. 
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